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had not obliged him to offer the 


** 


F — firſt Philoſophical Work he has pub- 
e to the 


Governours of the Univerſity that gave 
him the Chair. And as there are more 


Admirers of your wonderful Diſcove- 


ries, than there are Mathematicians 


able to underſtand the two firſt Books 


I of your Principia: So] hope Youwill | 


not be diſpleaſed, that both my Au- 


| _ thorandmyſelfhave, by Experiments, 


- - Propoſitions, which were implicitely 
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Z : ſeeing thoſe Experiments performed | 


endeavoured to explain ſome of thoſe 


believed by many of your Readers; 
at the ſame Time that the greateſt 
Part of your Third Book, and ſeveral 
of the Corollaries and Scholia in'the 
other Two, gave them the higheſt 
Satisfaction that an inquiſitive Mind _ 
is capable of receiving. Mathemati- 
cians of the firſt Rank, who want no 
ſuch Helps in reading your incompa- 
rable Works, take a freſh Pleaſurein 


which 
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cians as are of a communicative Tem- 


| per vill be glad to uſe them, as a new 
| Set of Words, tO give Beginners ſo 


clear a Notion of the Syſtem of the 


World, as to encourage them to the _ 
Study of the higher Geometry; where- 


by they may know how to value your 


{ome of ours may not always. 
prove, but ſometimes only illuſtrate | 
a Propoſition; yet ſuch Mathemati- 
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Solutions of the moſt difficult Phano- 


mena, and learn from You, that a 


whole Science may be contain d in a 


A 


ſingle Propoſition. 


For my own Part, ſince I'cannot | 


enough acknowledge the Advantages 


which I have had by being admitted 


to your Converſation, and your ge- 
nerous Way of gratifying mie for ſuch 
Experiments as I have made by your 


: 


Direction; therefore I ſhall here for- 


bear to pay char Tribute which is due 


to 


AJ 


tolou from all Lovers of Knowledge 
and rather chuſe to be thought ſingiij- 
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EIS Bock will ſufficiently re. 


| commend it ſelf; therefore! 
= 7d not (ay any thing inpraiſe 
of it, either on account of the uſeful 
Subject that it treats of, or the excel- 
lent Method, and familiar May in which 
our Author has handled it: only] thought © 
proper to obſerve to the Reader, that the 
Numbers in the Margin expreſs ſo ma- 

ny Propoſitions, wha are referr d to 
as yougo forward in the Book, to avoid 
Repetitions and T autology. If what is 
Printed in Italic Characters be read by 
it ſelf, it will er to be a Compen- 

dium of the whole Book ; or the Doctri- 
nal Part of it without the 2 
FT and 
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13 The Tranſlator to the Reader. 
and Demonſtrations. I have endea- 
vour d to anſwer this End in my Eng- 
liſh Tranſlation, where you 40 e | 
that whatever is in Italic Characters, 
males up the Senſe of the ks of the 
| Book; which alſo readily makes Senſe 
by it ſelf, though taken from Places 
zwhere it ſeems irregularly diſpers d. 
The firft Edition of this Tranſla- 
tron had ſome Errors of the Preſs and 
Haults inthe Plates, which were occa- © 
t foned by the haſte in which it was prin 
ted off, to prevent the Injury that mu w. 
have been done to Dr. 8 Graveſande, 
by a Tranſlation that ſome Bookſellers 
endeavour d to get out before mine,zohich 
' was ſo ill done, that no Body that had 
read the Latin Book wou'd be alle to 
| know it again in their A 
I have therefore in this Second Edi- 
| Tion carefully reviewd and corrected 
every Error, both in the Book and 
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S 1 Cs, we may eaſily. ſee that they 
= Name, ibo they all profeſs to ei- 


can hardly be kept from Wrangling. _ 885 
But that Diverſity of Opinions ſhould not deter 
us from ſtarching after Truth; ſince Labour and 


Study will find it out; and the more we are in 
love with it, the leſs we are liable to Errors, ex · 


cepting ſuch as human Frailty renders uttavoidable, 


We muſt proceed cautiouſly in Phyſics, ſince that 


Science conſiders the Works of the Supreme. 2 4 


dom, and ſets forth, 
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= F we compare the Writings of dige - 

ren Philoſophers concerning P H- 
al different Sciences by the ſame | 
plain the true Cauſe of Natural * Phanomena, + 


And no wonder if they diſagree among themſelves, 
fince eve Mathematicians, who deal in Certainties, - 


jj The PR EF A C E. 


if 


* e J EH oy A 5 eh pie 1 
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Ad of his Work the INKS bonne made. 
Wpben He of 'Things | the firſt Deſign larvey'd. 


How ihe oboe Univerſe.i is ; govera'd 4 . by -thaſe Lows. 


and how the ſame Lows run thro” all the Works of 


Nature, and are conflantly obſerved with 4 wonder- 5 


Fl Regularity. 


We muſt take care 3 to admit Fi Sion for Truth; 


for by that means we ſhut out all further Examina- 


tion. Notrue Explanation of Phenomena can ſpring 
out of a falſe Principle: And what a vaſt Difference. 
there is betwixt learning the Fitions of whimſical 
Men, and examining the W orks of the moſt wiſe God! 
Since an Enquiry into Divine Wiſdom, and the Vene- 
ration inſeparable from it, is to be the Scope of a 


_ Philoſopher, we need not enlarge upon the Vanity 5 


of reaſoning upon fictitious Hypotheſes. . 
Nature ber ſelf is therefore attentively and i in- 
ceſſantiy to be examined with indefatigable Pains. 
That way indeed our Progreſs will be but flaw, but 
then our Diſcoveries will be certain; and often- 


times we ſhall even be able to GE the Limits 


of Human Underſtanding. 

What has led moſt People into Bvvore, is an anale 
rate Deſire of Knowledge, and the Shame confeſſing 
our Ignorance. " But Reaſon ſhould get the better of 
that ill. grounded Shame; ſince there is a e g- 
norance that is the Fruit of Knowledge, and which 
is much preferable to an ignorant Learning. 

Nataral Philoſophy 1s placed among 05 Parts of 


MN Fg id Objeft 17 I m general. 


Mathe- 
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W 5 t dum pride rerum 
ex Pa eret, omniparens le es violare. Creator 
git, ene operis Kundamina fixit. 
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Mathematics examine Things themſelves, and will 


5 PREFACE. ix 
5 Maibenwict are divided into Pure and Mixed. 


Pure Mathematics enquire into me Genera! Pro- 
perties of Figures and abſtratted Tens. Mixed 


have our Notions and Deductions to agree both with t 


| Reaſon and Experience. © 


Phyſics belong to Mixed Mee e The Pro: 
perties of Bodies and the Laws of Narwre, are the 


Foundations of Mathematical Reaſonings, as all that 


have Ln the Scope of this Science wil freely 
confeſs. Joſophers do not equally agree upon 


_ wobat ig to 75 yo a Law 7 and what Me- 
thod is to be , e 4 ma Lats. Thave 
5 


therefore thought fit int es ro make goodthe 
Newtonian Merhod, which I habe followed in this 
Work. What that Method rs, 1 ave briefly ſet 


down in the firſt Chapter. 


Phyſics ds not melldle with the firſt Formation of 


Things. That the World was created by GoD, ic 
Paſction wherein Reaſon ſo perfectly agrees with Scri- 


re, that the leaſt Examination of Nature will ſhew 
plain Foortfleps of Supreme Wiſdom." It is confountling | 
and over ſetting all our cleareſt Novions,ro affert that 
the World may bave taken its Riſe from ſome general 
Laws of Motion, und that it imports not whar is 
za ined concerning the fir Projfion of Matter. 
And that there can hardly be any thing ſuppoſed, 
from which the 25 Effect may not be deduced 
by the ſame Laws of Nature; and that for this 
Reaſon : That fince 5 — 1 umes all 
the Forms it is capable of JET of rhoſe 
Laws, if we SE all i Wos orms in order, 
we muſt at laſt come to that Form wherein this 
prove n World is framed; ſo that we have no 
eaſon in this Caſe to. 15 any. Ae from 1 


wrong Suppoſition- Thie 
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throws all *. care Neto, ag. has — 5 ful , 
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* The PREFACE. 
proved: y many Learned Men; and is indeed fo : 

unreaſonable; and ſo injurious to the Deity, that it 
will ſeem unworthy of an Anſwer to any one that 
does not now that it has been maintained by many 
ancient and modern Philoſophers, and ſome of them 
the firſt Rank, and far removed from any 
28 e . 5 

laying it dar as an undoubied Trath, 
that Go D — N all Things, we muſt afterwards 
explain by what Laws every Thing is governed; and 

t mention only. the wn, we . explain, why 


5 The Silver Moon runs wich une qual Pace, 9 
Which yet Aſtronomers could never trace, & 
Or fix, in Numbers, her uncertain Place: f 
What Force her toſides has forward driven, 
And made her Nodes recede r th Starry Heav'n. 
What is her Pow'r to agitate the Sea, 

Whoſe various Tides her Preſence {till ober > 
When th Ocean ſwells, its topmoſt Banks 
. Or ebbs from weedy Shores with broken Ware 
+ Lens the A 5 ä 8 Terror, bare: 


PE _ to explain more 5 which. way we 
trace out the Laws of Nature, we muſt begin by 


fone e ud laid Reflexions, 


5 * Qui cauſa argetites Phcebe 4 
a Faftibus haud æquis graditur; cur ſubdita nulli 
Hactenus Afironomo numerorum fræna recuſet. 
| Cur remeant Nodi, curq; Auges progrediuntur. 
+: quantis refluum vaga Cynthia ponrum _ 
Viribus impellic, dum fractis flutibus ulyam of Mo 
Dieſerit, ac nautis ſuſpectas nudat arenas ; 
"Pp N _—_ Sevens N 8 88 — 
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acquainted with, conſtitute the 


bas Subſtances are, is one of the'things hidden 


Fron us. We know, for inflance, ſome f the Proper- 


ties of Matter ; but we are abſolutely ignorant, 
what Subject they are inherent in. 


bo dares affirm that there are not in Body many 


other Properties, which' we haue no'Notions 


And who ever could certainly know, that, beſides the 5 


Matter, there are not others depending upon the 
free Power of Go p, and that extended and ſolid \ 
Subſtance (for thus we define Body) is endowed 

_ with ſome Properties without which it could exiſt ? 
We are not, I own, to affirm or deny any Thing con-. 
cerning what we do not know. But this Rule is not 
followed by thoſe who reaſon in Phyſical Matters, 
as if they bad a compleat Knowledge of whatever - 
belongs to Body, and who do not ſcruple to affirm, 
rhat the few Properties of Body which they are 

| very Eſſence of Body. © 

bat do they mean by ſaying that the Propernes 

of Subſtance conſtitute the very Subſtance f 
(un thoſe Things ſubſiſt when  joyn'd together 
that cannot ſubſift ſeparately? Cun Extenſion, In- 
penetrability, Motion, &c. be- concerved without a 
Subject to which they belong? And have toe any 

Notion of that Subjet? 

We muſt give up as uncertain what we find to be 
ſo, and not be aſhamed to confeſs our Ignorance. Tho 
eve need not fear being too bold in affirming that a 
Subject altogether unknown to us may perhaps be en- 
 dowedwith ſome unknown Properties. And thoſe Men 
who at the ſame time that they ſay, 3 8 
this Axiom. That we muſt not reaſon about Things 
unknown, lay it down as a Foundation of their Rea- 
ſoninęs, that nothing relating to Body is unknown to us, 
are beholden to meer Chance if they are not miſiaken. 
The Properties of Body cannot be known a priori 
We. muſt therefore examine Body itſelf, and nicehy 


| Properties of Body which flow from the Eſſence of 


xi) "hs? PREFACE 


confider all "its'Properties :, that we my be. able to 
determine what natural: hecke do flow from thoſe * 
| Properties. 

Upon a farther Re of Body. we find © 
there are ſome general Laus, according to which Bo- 
dies are nou d. It is paſt doubt, for inſtance, That 
a Body once mov'd continues .in Motion : that 
Reaction is always equal and. contrary to Action. 
And ſeveral other. ſuch Laws concerning Body have 
been diſcovered; which can no way be deduced from 
thoſe Properties that are ſaid ta conſtitutæ Body; and 
fince thoſe Laws always bold good and upon all Occafir 
ons, they are to be look'd upon as general Laws of 
Nature. But thenwe are at a-loſs to now, whether 
they flow from the Eſſence of. Matter, on wherber they 
are deducible-from Properties, given by Go ro the 
Bodies, theWorldconſifts ; but no way eſſential to 
Body; or tohet her finally theſe Effets, which paſs 
for Laws of Nature depend upon external Cauſes, 
zohich. even our Ideas cannot attain to. 

IWho dares affirm any thing upon this. Point con- 
corning all, or any Laws 7 Nature, without. incur- 
ring the Guilt of Raſbneſs? Beſides, whoever exa- 
mines the Phenomena of Nature will: be fully per- 
ſuaded , -#hat many of its Laws are not yet diſco- 
ver d, and that many Particulars are. wanting to- 
roards the:compleat Knowledge. others. 

I The Study of Natural Philoſapby is nos bomever to 
55 contemx' di at built upon an unknown Foundation. 
The Sphere of humane 1s bownded within a 
779 r= z uni he that denies his dm to E 

dence, wivers in Doubt every Minute, 
— ho P97 many things: as\unknown, which: the ; 
| A Prople never much . — 
But rig bii to diſtinguſſb i ines \known. from | 
unſtnoton. — iakeby che hoes of- — 
* oY” my x "OE. in 8 are hidden 


few 


4 


Fron un; 
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ſpecially if it be gumfider d thit an Effedt from a 
Caufets never pxactly.the ſame with an Effet 


double 
from a. git ons. 'Fher 


The PR E F A C E. xiij 
— what in fet:down in Phyſics as a Science, 
is undoubted. From a few general Principles number- 


-leſs particular Phenomena or Effects are explain d, 

and deduced. by: Mathematical Demonſtration. Far, 
the comparing of Motions, or in other Words, of 
Quantities, ir the continua Theme; and whoever will 
go about that Morꝶ any other way than by Mathe- 


matical Demonſtrations, will be ſure to fall into 


Hum much ſoever then may be unknown in Natural 
Philoſophy, it ſtill remaint a-vaſt, certain, and very 
vfeful Science. It corrects an infinite Number of Pre- 
Judices concerning natural Things and divineWiſdom; 


and as we examine theWorks of GOD continuallyſets 


that Wiſdom: before our Eyes; and there is a wide 


Difference, betwixt knowing the divine Power and 


Wiſdom by a. Metaphyſical Argument, and beholding 
them with our Eyes every Minute in their Effects. 


It appears then ſu Hen, what 1s the End of Phy- 


fics, from what Laws of Nature the Phenomena are 


20 bededuc'd, and wherefore when-we are once come 
70 the general Laws, we cannot penetrate any fur- 
ther into the Knowledge of Cauſes. There remains 
oniy to diſcourſe of ibe Method of ſearching after 
[thoſe Laws; and to prove that the three Newtonian 
Laus delivered in the firjt Chapter of this Work  _ 


ought to be followed. | 


The firſt is, That we ought not roadmit-any more 
Cauſes of Natural Things, than what are true, and 
ſufficient to explain their Phænomena. The. firſt 
Part of this Rale plainly folloms from what has. been 
Said above. The other cannot be called in 1 37 

one 


any that mur the Wiſdom of the Creator...) I 


ſe ſulſrer, it is medleſs to ſuperadd another; 


me MMePREPACE 
Canfes, till it appears one ſingle Cauſe will not do 
In order to prove the two following Rules, we 
. muſt premiſe ſome” general Refletions, 
Vie have already ſaid that Mathematical Demon- 
Arat ions have uo Standard to be judged by, but their 
Conformity with our Ideas: ; ju when the Que ftion is 
about natural Things, the firſt Requiſite is, that our 
Ideas agree with thoſe Things 1 cannot be prov d 
by any Mathematical Demonſiration. And yet as we 
| bape occaſion toreaſon of Things themſelves everyMo- 
ment, and of thoſe Things nothing can be preſent to 
our Minds beſides our Ideas; upon which our Reaſon- 
ings immediately turn; it follows, that Go D he 
eſlabliſp d ſome Rules, by which we may judge of the 
' Agreement of our Ideas with the Things themſelves. 
All Mathematical Reaſonings turn upon the com- 
pariſon of Quantities, and their Truth is evidenc'd 
- by implying @ Contradiction in a contrary Propgfition. 
A reftilineal Triangle, for inſtance, whoſe three An- 
les are not equal to two right ones, is a Thing in- 
-poſſuble. When the Queſtion is not about the com- 
pariſon of Quantities, a contrary Propoſirion is not 
always impoſſible. It is certain, for inſlance, that 
Peter is lwing, though it is as certain that he might 
baue died Yeflerday.. Now there being numberleſs 
Caſes of that Kind, where one may affirm or deny 
with equal Certuiniy; there follows, that there are 
many Reaſonings very certain, though altogether 
different from the Mathematical Ones. And they 
evidently follow from the Eftabliſhment of Things, 
and therefore from the pre-determined Will 
Gop. For by forcing Men upon the neceſſity oj 
pronougciiigigorcerning the Truth or Falſhood of a 
Propoſition ;*.he plainly ſhews. they muſt aſſent to 
Arguments, which their Fudgments neceſſarily ac- 
guicſce in; and whoever reaſons otherwiſe, does 
qr tort wertruy of Gam © 72 
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Po return to Phyſies; we are in this Science 10 
judge by our Senſes, of the Agreement that there 


is berwixt Things and our Ideas. The Extenſion 
and Solidity of Matter, for inſtance, aſſerted upon 
that ground, are paſt all doubt. Here we examine 
the Thing in general, without taking notice of the 
Fallacy of our Senſes upon ſome Occaſions, and 


tohich way Error is then to be avoided. © 


Me cannot immediately judge of all Phyſical Mat- 
rers by ok We have then recourſe to another 


. juſt way of reaſoning, though not Mathematical. It de- 
pends upon this Axiom; (viz.) We muſt look upoi 

as true, whatever being denyed would deſtroy civil 
Society, and deprive us of the Means of Living. 
From which Propoſition the ſecond and third Rules 


of the Newtonian Method moſt evidently follow. 


For who could live a Minute's time in Trangqui- 


lity, if a Man was to doubt the Truth of what 


paſſes for certain, wherever Experiments have been 


made about it; and if he did not depend upon ſee- 


ia the like Effe&s produced by the ſame Cauſe 2 


| The following Reaſonines, for Example, are dai 
taten for granted as undoubtedly true, without 2 
previous Examination; becauſe every Body = that 


they cannot be called in queſtion without dzſlroying 


tbe preſent OEconomy of Nature. won vs 1 8 
A Building this Day firm in all its Parts, will 
not of its ſelf run to ruin to Morrow. Thus by a ; 


Parity of Reaſon, the Coheſion and Gravity of * the 
Parte of Bodies, which I never ſaw altered, nor 
beard of having been altered without ſome inter- 


vening external Cauſe, will not be altered to Night, 
| becauſe the Cauſe of Cohefion and Gravity will be 


the ſame to Morrow as it is to DH. Who does 
not ſee, that the Certainty of this Reaſoning depends 


only wponthe Truth of the forementioned Principle ? 


. The 
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The Timber and Stones of any Country, which 
are fit for a ; Balding, if brought” over here, will 
ſerve. in this Place, except what changes may 
ariſe from an external Cauſe; and I ſhal no more 
fear the fall of my Building, than the Inhabitants 
of the Country, from whenee thoſe Materials 
were Nen wou 4 0.06, if they had built a 
Houſe with them. Thus the Power which cauſes ' 
the Cobeſion of Parts, and that which gives Weight 
10 Bodies, are the ſame in ol Gum 

1 have uſed ſuch kind of Food for ſo many 
Years, therefore 1 will we it again to Day: with- | 
e 4 
When I ſee Hemfock: 5 elde it 10 be pol 5 


155 ſonous, tho I never made an Experiment of that | 


ee not equally certain? -Beft 


very. Hemlock 1 ſee before my Eyes. 
All theſe Reoſonings are: grounded upan Anilogy 3 
and there is no doubt, but our Creator has in many 
Cafes leſt us no oi ber. wy of FONG and chert. > 
fore it is a. right way. | 
Which being once fr YOU 'd, woe may cathy — 
wſe of the ſame Method in other Matters, where no 
abſolute N eceſſuy forces. us ig reaſon at all. When an 
Argument us good in one. Cuſe, there is ns. reaſon 
why we ſhoy/d refuſe our Aſſent to it in another. For 
whs can concerve, that Things > Mere? he ſame 
es; tho we 8 
in general that this Marhod of Redſoning is right 
from the Neceſſay of uſing it ; het it does not fal. 
low that particular” Reaſonines depend upon that 
Neceſiy. I conclude from: Food is 
not poiſonoug; but ir that a gunent oy Food . 
. when Jam hungry nn NN Dod 25 
0 pine we are to diſcover the Tinh of Ne- 
ture by the Phanomen, then by budattion:proverbew 
70 be general Lachs; al, the reſt is do be handled Ma- 
themanically. "Whoever will: ſertauſly\ \examine what 
Foundation this Methed of Phyſics # built upon, will 


- eaſily 


3 2 
ag. 


to Light i is handled i in the 


fore the Readers E Di s by this M ethod, 


5 1 Experiments u 
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eaſily diſecuer ahia 10 he abe vn rue We, ond that 


«ll Hypatheſes are to be laid ade. 
Ra or the: Merhod o 75 ophizing. I have . 


| e a Vord to the We ork 1006 which this ; 
by + 1 on Jae FN 


The whole Work i is. divided into Four Books. Thr 


feſt 7 of Body in general, and the Motion of 


Fluids. What belongs 
rd. The Fourth ex- 
plains the Motions of Ceteftial Bodies, and what has 
4 relation to them upon. Earth... A 7700 firſt Books 


Solid Bodies. The Second 0 


are contained in this Tome. _ _ 


In order to render the Study of Natura! Phib- 


ſopbhy as eaſy_ and agreeable at 1 1 baue 


hr fit to luftrate ever Thing 


15 aments, 
and to ſet the Dey! Mat 8 0 i 


fions be- 


He that ſets forth the\Elements. < 4 Science, does 
not promiſe tl —_— World any Thi ing new in the 
main. Therefore 'F thought ; it reed! 725 to point out 
where what is here contain d is to be found. I haue 


made roperty of whatever ſerved my Purpoſe ; 

2 Alice ef. it e for. * 25 
| 7 to avoid the ſuſpicion IHE | 
rather loſe the Fall */ a few Di er, * | 


E 2 r/ed here and there in 1 Treatiſe, than rob 


a one of theirs,” Let who with then tale 10 hin- 

ſelf what be thinks bis own : Tlay claim to nothing. 
As io the Machines which ſerve for making the 

Experiments, I have taken care to imitate ſeveral 


From other Authors,have altered and improved others, 


and added many new ones of my own Invention. And 
no wonder I ſhould be forced tothat Neceſſity, . 
on many Things never tried per- 


hape by any one before. For Matbematicians think 
5 Experimente ſuper luous where Mathematical Demon- 


fa 9 5 1 4 i N * as all Mathematical 
Die nonſtrations 


1 | | 
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Demon frations are ahſtradbed, dh nor n 7 
e eaſier when Experiments ſet forth the-Con- 
; ſions before our Eyes; following therein the Ex- 
- of. the Engliſh, whoſe way of teaching Na- 
3 Philoſophy gave me occaſion to think. of the 
2 5 1 F have x folowed in this Work. I ſhall always 
glory in treading in their Foorfleps, who with the 
; 1755 of Philoſophers for their Bride, haue firſt 
end the Wiy to 1 Diſcovery of Truth in Phy- | 
| fe 18 phical Matters.” - 
A to the Mathines, 1 will ſay 5 2505 more 
| 2224 way of . That” m moſi of them have 
by a 2 mgenious Artiſt of this Town, 

ond no 52 27 Philoſopher, . Name is John 
van Muſſchenbroek, pt who bas a _ Know- 

Lethe every Thing that is bere explained. Which 
_ Advertiſemem, I ſuppoſe, will not be diſipea- 
ſing to thoſe. bo may have u fancy to get owe 
* wes Machines male for Orin e 


2 
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TURAL PHILOSOPHY, treats.of Natural 
e and their Phænůamena. 


ig 


are 4 Bolles- Aud the _— ” 0. 
them all, ts called: The Univerſe, , 
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Derixrrion I. . 
deen g Ti N atural Bodies * . de- 
pending upon the Aion of an enteligent Being; 


1 


by our 
We do not exclude Gut of the Number of Natu- 


ral Phznomena, thoſe which happen in our Bodies 
by our Will; for they are produced by the Mo- 


ton of our Muſcles, and their Action depends 
upon another Motion: In theſe, there is only that 
Motion which ariſes from the immediate tion 
of the Mind, and is entirely unknown to us, which 


is not a Natural Phznomenon. 


All theſe Motions are performed by certain 
Rules, and always ſubject to the fame . Y 


The Sun riſes and ſets daily; and the Time of 


huis Rifing and Setting may always be determined, 
O 


1 


according to the Time of the Year, and Latitude 
of the Place. Plants of the fame Kind, under the 
ſame Circumſtances, are always produced and 


grow in the ſame manner: And ſo in other Caſes. 


Nay, even in thoſe things which appear to us 


wholly fortuitous and uncertain, certain Rules are 


without doubt obſerved. 


Natural Philafophy explains Natural Phnomens ; 


that is, gives an Account of their Cauſes. - 

17 enquiring after thoſe Cauſes, BOD Y in 
general is to be examined; and then the Rules 
which the Creator has eſtabliſhed, according to 
- which, Motions ire to he performed. Theſe Rules 
are called Eames of Natare, __ | 


Di NITION IV. 


A Law of Nature then is, he Rule * 
cedar to which God reſ⸗ olued that certain Motions 
m—_ always, that is, in all a be performed. 


_ 


- 7 
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Will of God. 

Alſo in reſpeft to us, we call a Law of Nature, 
every Effect which in all Occaſions is produced 
after the fame minner; although its Cauſe is un- 
known to us, and we do not. ſee that it flows rom 
any Law known to us. 


immediately depends upon the W 


Cauſe of which we have no Idea. 
The Laws of Nature are only deduced from an 


Examination of Natural Phanomena. 


Phænomena muſt be explained. 
In order to find out the Laws of Nature ; 


Si "_ Newton's folloy 
"ey . 
3 RE I. 


Things than ry as are. * and 1 0 * EX- 
1 N Than. 


Nanni 14 | 0 


45 Cauſes. 


- Such Quatkies of Bodies, oll Vitias-lamot 
be increaſed and diminiſhed, and which belong to 
b all Bodies upon which Experiments may be 
made, muſt be looked — as . of all 


Bodies. 
3.4 A 
* 
0, 3 f 4 . N 7 
N 5 5 BT bo „ x 7 : , 
_, & 2 4 Tg CHA! 4 


Every Law does immediately depend upon the 


NM ; we make no Dillerence betuen 2 thing 
Go, and what it produces by the Intermediation 


ving Naa UF 19 be ob- 


We are aut to admit more Ciuſes of Natury: 105 


 Netural jets of the ſane Kind, het ale N 


By Help of the Laws thus diſcovered, other 4 


\$ 
o 


TER CHAP. 1. 
9 Of BODY in Ga. 


0 | HAT we firſt confer | in Boer is Es. 
| tenſion. | 

Whar is meant by Aion, no o body Is 1 
rant of. Its Idea is moſt lim le, and almo 


1 


8 
EVuery Body bas Extenſion ; Without Extenſion 
there is no ſuch thing as Body. And yet all that 
has Extenfion is not always à Body, although it 


is impoſſible to determine how Body differs from 
. 5 fn ; 2 [et 


The Second Thin to | > eines in Body is 
4 2 Body having no Power to remove it ſelf, 
will conſequently exclude every other Body from 


well as the "hardeſt Bodies, have this Property. 
10 The Third Property of Body is Diviſibility 


for you may always conceive one Extenſion leſs 
than another. From whence we ſee, that there 
are Parts in all Extenſions; which Parts in a Body 
1 ſeparated from each other: Becauſe 
y hath a Fourth Property, that is, that i 
may be carried from one Place to another; 5 whence 
it is aid to be Moveable, 

All Obſtacles being removed, a Body ” ak 
to the leaſt Blow: Nevertheleſs there is 3 greate! 
Force required to move a Body with a greater 
Celerity than with a leſs, as alſo to move 
Exe 2 —— a ſmaller Body, allowing their Ve- 

ty to be _ * is allo a greater Foro 

8 ae 


x \ 
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ways obvious to our Mind; from whence it is 
very intelligible, tho we want Words to deſcribe 


the Place poſſeſſed by it; and the moſt fluid, as 


«becauſe if a Body be extended, rf is alſo dwinble Wl 


way 4a 


1 ww 
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uired in the ame. Caſe to ſtop the Velocity of 
erent Bodies in Motion, Hence it is, that Bo- 
dies at Reſt, and Bodies in Motion, endeavour to 
continue in their State. 
This ariſes fram the InaQtvity of Matter, (her- a 
ria) which in all Bodies is ever proportionable to 
their Quantity of Matter, becauſe. it equally be. 
longs to all the Particles of Matter. 
IL Bodies have ſome Figure; whence Figura- 3 
b:lity (that is, to be of ſome Shape or Figure) is 
commonly eſteemed one of the eſſential Froperties 
of Body, though it n rather to be der ved 
from. other Properties. | 
If a Body be divided on every Side, and thoſe. 
Parts removed. z What remains in the Middle is 
terminated on every Part, and conſequently has a 
certain Figure. The fame Body is capable of 
having different Figures; becauſe it may be divi- 
ded into Parts, and thoſe Parts placed in different 
Order in reſpect to each other. Neither does it 
imply a Contradiction to ſay, that à Body that 
ſnould 508 10 kun : Would be an 1 


1 j 1 13 . : MS Sa 2 2 2 
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nA W on 64 
of 2 Solidity, and Ve acuity. ,, I 


TERE the reſtion (o often handled by | 
the — concerning a Vacuum, is to be 
conſidered; nam Mo. Whether there be an Exten- 
ſion void of all Matter; for this Extenſion | is cal- 
led a Vacuum, an Emptine or mere Space. * 
That there is really a Vacuum, is proved from 
Phænomena: This Fo there de ſhall de 
heteafter more, fully treated of. | 
The Poſhbility. of 4 Vacuum appears. from the 
Lars Examination of Ideas. For, Wer, we EE 
conceive to be © I may exilt, | 
2 B3 The 
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"The Queſtion therefore amounts to this, vig. 
Whether we have an Idea of an Extenſion chat is 
not ſolid? | | 

We acquire. an Idea of Solidity by the Touch : 

We feel that ſome Bodies refiſt us; and indeed 

thoſe Bodies reſiſt us every Moment, that hinder 
us from deſcending to the loweſt Places: From 

\ ... Which Reſiſtanee it appears, chat a Body excludes [ 
| © every other Body from the Place which it ſelf 
takes up; that is, it appears that a Body is ſo- | « 

lid; which Idea of Solidity we transfer to thoſe W 1 

more ſubtle Bodies, which, by reafon. of the 

Smallneſs of their Parts, eſcape our Senſes; and 

we find by Experience, that even thoſe refilf 

1 25 1 250 as well as the hardeſt. ee dab 


, Aww aXA<@aa _ an . 


14 eriment. TRE Air in Which u we Tee does 
950 grain Gaps our Sight and Touch; yet in 
a Syringe, that is cloſe ſhut at the End, it reſiſts 
Be $4 ſo * ad.» be puſh'd to dhe bottom 

9 t ringe by no force. 
be 186 of Solidity is tot indepd obnidined 
in the Idea of Extenſion ; that only follows.from 
Contact, but this may be had without it; for if 
a Man had never touch'd ? a Body, he would have | 
no Notion of Solidit 7. | 
Let any one obſerve an Image projected i in the | 
Air, or repreſented between à Concays - 
and the Obje& ; ſuch an Image does not reſi 
and yet it ſeems to be a Body -as denſe as the Ob- 
Jr Me ſelf; for the Colours may appear m 
Vvid in che Image than in the Object it ſeif: If a 
Man had never ſeen any Thing elle but fue Ima- 
ges, and his own Body was like ſuch an 'Trnape, 
| could * have, ay Ide 1 1 oat 5 
appear t.ne could ; and yet he ecytal 
1 6 an Idea of Excention.” 1 5 Ky F 


A gre 7; 
* © c : 44 : 1 A; 
Te, : A 5 - 
: | 5 | 
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As we are here diſputing of Ideas, we ſhall not 
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conſider what che above-mentioned Image is; it 


is enough that there is ſuch a Thi 


All oy Difference between GN and Body does 
not conſiſt in a Privation of Solidity,  _ | 


That Space is. infinite, and can be contained by 


no Limits, is plain to any one that arencivel 
conſiders it. 


We plainly fre that Space has Parts, but th 
cannot be ſeparated from one another, being . | 


moveable as it ſelf. 
The Idea of Space is very fimple. that of Bo- 
ay is more complex, it may be moyed, its Parts 


are ſeparated, and what is finite is eafily con- 


ceived. 

Soldity is by ſome call a Impenetrability ; an 
they endeavour to deduce it from the Nature 
Extenfion : For Example, one cafnot add one 
cubic Foot of Extenſion to another cubic Foot of 
Extenſion, without having two cubic Feet; for 
each of them has all that is required io epi 
that Magnitude 3 therefore one part of Space ex- 
cludes all others, and cannot admit them. 


Anſwer. This is all true, becauſe the Parts of 


Space are immoveable 3 but it would be falſe, | 
it was not that it would imply a Contradiction, 


Place: And the 0 . follows only from 
the Immopility, not from the NTP or 
Solidiy of the Fenn r hm e 


CHAP. 


Of the Diviſebilzry of Bees in Lf IE, end 
| 2 the Subrilty of the Particles of Matter, 


3 HE Extenſion of a Bcdy implies its Divi- 
T's On ee ee, e Parts 


i it. 


Be pins © 


15 


16 


to ſuppoſe one part of Space "conveyed to another 


17 


So 
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_ . Yet the Diviſibility of Body differs from th | 
Diviſibility of Extenſion; for its Parts ina" BY ſt 
ſeparated. from one another. But as this Proper- 

ty depends upon Extenſion, it muſt be examined P 
0 

ſl 

E 

Y 

I 

| 

1 

( 

f 

; 


under the Conſiderarjon of Extenfion, And then 
pe may eaſily. transfer to Body whar is demon- 
Body is diviſible, ix inſinitum; that is, you 1775 
not conceive any part of its Extenfion ever ſo 
{mall, but that ſtill there may be a ſmaller. 
Let therę be a Line AD perpendicular to BF, 
1 85 I. Fig. 19 and another às G H at a Tal 
diſtance from A, alſo perpendicular to the ſam 


. 


Line, with the Centers C, C, C, Cc. and Di- 
ſtances CA, CA, Vc. deſcribe Circles cutting 
the Line G H in the Points e, e, &c; The grear- 
er the Radius AC is, the leſs is the Part e G; 
the Radius may be augmented in inſinitum, and, 
therefore the Part e G may be diminiſhed. in the 
ame manner; and yet it can never be reduced to 
Nothing, becauſe the Cirele can never coincide 
With the Right Line B. 


Therefore the Parts of any Magnitude may be 
diminiſh'd in inſinitum, and there is ne end of 
die 


The ſame Thing may be proved by a great ma- 


— 


ny other Mathematical Demonſtrationsnss 
The chief Objeftions are, — That an Infinite 
cannot be contained by a Finite; — That it fol- 
lows from a Diviſibility in inſinitum, that all Bo- 
dies are equal, or, that one Infinite is greater than 
another. 5 a: #3 +1 . 5 3 7 
But theſe are eafily anſiwer'd'; for to an infinite 
may be attributed the Properties of a finite and 
determined Quantity. Who has ever proved. 
that there could not be an infinite Number of 
Parts infinitely ſmall in a finite Quantity; or that 
all Infnites are equal? The contrary is demon- 
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Book 1 * Nan! rf 1. 


ſtrated by Mathematicians In — 1. 


ſtances 
There are alſo other Objections ropoſed, Wo 
bu that we affirm an actual Diviſion of a Body 
t 


o an infinite Number of Parts ſeparated — 5 


one another. We neither defend nor conceive . 


ſuch a Divifion: we have demonſtrated, that how- 
ever ſmall a Body is, it may ſtill be farther di- 
vided ; and upon that Account we believe that we 
may call that a Diviſion in inſinitum, becauſe what 


has no Limits is call d infinite,- 

There are no ſuch Things as Parts infinicely 
ſmall; but yet theSubtilty of the Particles of ſeve- 
ral Bodies is ſuch, that they very_much ſurpaſs our 
Conception; and there are innumerable Inſtances 
in Nature of ſuch Parts that are attually ſeparated 
from one another. IT i} 


Mr. Boyle has pwiel it bz ſeveral Aighronts.”: 


He ſpeaks of a e read 300 Tards long, 
that weigh'd but two Grains and a Half 
He meaſured Leaf Geld, and found by Gates 
ing it, that 50 ſquare Inches weigh'd® but one 


Grain : If the Length of an Inch be divided into 
200 Parts, the Eye may diſtinguiſn them all; 
therefore there av in One ſquare Inch eee vi- 
ſible Parts; and in one Gram of Gold there are 
two Millions of ſuch Parts; which viſible arts 
no one will deny to be farther divifible.. 5 

A whole Ounce of Silver may be gilt with 


Eight Fe Gold, which is afterwards drawn 
ire N Thouſand Foot lang. 

In odoriferous Bodies we. can {tilt perceive a 
greater Subtiliry of 1 and which are ſepara- 
ted from one anot $5 ſeveral Bodies. ſcarce loſe 
any. ſenſible, Part of their. Weight in a long time, 
and yet continually Rh 2 very large Space with 
odoriferous Particles: Whoever- will be at the 


1 to oye e concerning thoſe ft 15 
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dre om wha: ten ben id of the Sulcii 


bring? pteſxd, ſack a Yooy K is 0 to be Set. Nr 


me "IF Book l. 

ile Zfhevis, will ind the number of Party to be 
of ſach 

By help of Microſc os Go hls as ker. 

x ſormn ſmall Fe oy carce der? uit — 7 


e ils th yet theſe have all the 
Blood, x other Li- 
the Subtilt/ of 


: = : 
| 28 Panicies de uff n Rar up ſuch Fluids! 


t. end this Chapter mote a than 
by * . Theorem, 3 5 is eaſt 10 | fer 
0 


+ exper 
Tnnozrx. 


Tags NY Particle of Matter, how en K e 
and any finite Space, how large ſoever, 


18 ven; , poſe hart that. 1 Sand, or 5 


ticle of Matter be diffuſed thro all 
great Space, af fal fill it in n 


3 ſhall be no Pore i in 1 whoſe ach ſhall 


exceed n 0 


Cingeniing ths abit of Parts, where we 
| ſhall treat f at Gas e 


and: Elaſticity. 
ed wW ein Sende 


| LL Bo Bodies that are. 
A of very ſmall Parts, no one of 
is . t KF; but all of them are 


13 r 
to 


me. At 2275 equired cole fl a 
N TY 180 to be Hard. 15 
If the Parts n and fall in by 


1 f 


en one andiber, euen nn require a Bbes 
Fly a Hammer to dot it. 
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But this great and ber force in tha common 


_ Signification, devermine nothing; for a _ _ 
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Bense, when its Parts mutzally cohiers, and d at 28 


all yie!d "inwards, fo a not to be ſubjeltto a == 
on Ire 70 22 wahout hs 4 


bb no Drrixiiox U. 


| A Body la | Ele to be Sat, in 8 | 
Senſe, when its Parts yield inwards,/ and flip in up- 
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by Body whoſ Parts eg 10 n 30 
by hip ae fly mood, 5 76 lth ee ee 1 


Dry WET: Gans 
Al ul theſe Thing depend upo 1 he Cobefion of 
C 4 Body is, nn it 2 en 

* to perfekt Hani nes. | N 

Pr Bar che Mipdocls of the ſmalleſt Parts dges not 
ae from their Solidit) ; it is an eſſential Pro:, 
perty f 4 Body, which is: no more Mo ; 
7 7 Pen why: a Body is extended; ora Mind | 
"> 30 ty know whether all Bodies confft of | 
Parts that are equal and alike ; And there are alfo 
difficult in relation to the Cauſe 
of the Coheſion: of the ſmall Parts of Bodies. 

Tue Laws of Nature, which we admins bers, 
ae deduced from Phenomena, F-: $1A0N £1 
it — 2 particular Law of Coheſion thar all te 31 


Per. 


1+ abs 


: — : 
1 75 
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115 . ons Drin iT 10 IW. tt = 
"By i the ond Attraction I untl, goa * . 
by which Two Bodies tend towards each other. 5 tho 1 
Perhaps it may happen by Impulſe. 5 
But har Attraction is ſubject to theſe Laws; 
bat it ib v great in the very Contalt of the Partt; 
and that it 2 ly decreaſes, inſomuch that it ass 
> no more. at the bal ſenſible Diſtance z nay, at a. 
' greater Diflance it is changed into a repellent F WE 
by which the Particles fly from each other. 

By Help of this Law, ſeveral Phanomena are 
very eaſily explained; and that Attraction and Re- 
pulſion is fully proved by a vaſt Number of chy- 

mical Experiments. That there is ſueh a Thing, 

h appears alſo from the. following Xt "at ) we 


rr 14 We fee that in all Li iquors all 
the Parts attract one another, from the Spherical 
Figure that the Drops always have; and allo be- 
cauſe there is no ene whoſe Parts are not ſtick- 
ing to one another, which is evidently true even 


| in Mercury it ſelf. 


. Experiment 2] Bur this W Attraftion of. 
Particles is much better proved; becauſe in all 
Liquids, two Drops, as A and B (Plate l. Hg. 2.) 
as ſoon as they touch one anather ever ſo little, 
they immediately run into one larger Drop, as 
F. Nu which Things, as they alſo. happen in li- 
qui ified Metals, it follows, that the Parts 1 7 Which 
they are compounded do attract one another, even 
ro rey: are disjoined by the Motion of the 
ire. 
* Theſe Appearances do not depend upon the Preſ- | 
ſure of the Air, becauſe they alſo happen where 
there is no Air; neither do they depend upon the 
FPreſſure of an other Matter equally from a —— 
for though fuch a Treſſue is alle 20k l 
i | rp 


_— 


On the contrary, in Attraftion, the g the 


Number is of the Particles which attract one ano- 
ther between two Particles, the greater is the Force 
with which they are carried towards one another; 
which produces a Motion in the Drop,” till the Di- 
ſtances between tlie oppoſite Points in the Surface 


become every where equal ; which can only hap- 


pen in a Spherical Figure. 


Several Bodies act upon other cit Bader 


” Dirt to their Spherical bene can; 7by no 
means bring them to it at firſt.” | 
In the Oval Drop ae d, (Plre I. 'Fig: 3: 3 9 | 

| Preſſures upon the Surfaces ad and c h are les taan 
the Preſſures upon the Surfaces @ c, d h ; for the 
Drop is ſuppos d to be preſs d equally from all 

Parts, therefore *e the Preſſure is leſs in a leſs Space: 
Yet the Drop can never become round, till thoſe 
8 Preſſures overcome the eaten which i is 5 ab- 
ſur 


1] by this Attraction. 1 'ſhall-give a tew'Examples, L 
in which the Feels of i it are moſt remarkable, '# 


Experiment 3. 1 Immerge in Water the: Ends of 37 


mal glaſs Tubes open at both Ends, in ithe man- 
ner repreſented in Plate I. Fig. 4. The Water will 
ſpontaneouſly aſcend in them, and ſo much the 
higher as the Diameter is leſs. It is not required 
that the Tubes be extreamly ſinall 3 for the 
riments will ſucceed in Tubes whoſe Bore is the 
 fixth Part of an Inch. That this is not to be at- 
tributed to the Preſſure of the Air, of - gs 95 
the following Experiment. php 


” Exper iment 4.] Having fixed te mall Tubes A A 
_ toa-Piece of Cork, and ſuſpended them with the 
Braſs Wire A B, (Plare I. Fr 5.) pump our the Air 
from the Recipient R, which ſtands upon the Braſs 
i — the Air-Purnp z — moring the Wire 


$ 8 


T7: 4 : 
| Planes, (Plate I. N. 6.) touching one another at A 
B, but a little ſeparated at CD, by thruſting a chin 
 Plateof any Kind between them; they are fultained 
by the wooden Frame HILM, in ſuch manner, 
that che Side is always at the ſame Height; 


with the Hogizon, by ra 
| they are 


- Quor ; this Drop is attracted 


where the Diſtance between the Planes is diminifh- 
ed. The Angle of Indlination of the Planes may 
de ſo increaſed, that the Gravity of the Drop ſhall 


14 mathematical Elemente | Book 4.5 
A B, the Tubes may be immemged in the Water 


which is contained in the Glas C D, and the Wa- 
ter in this Cſe will rife up into de Tubes juſt as 
it did in the foregoing Experiment. How the 


Wie may be moved without letting the Air into 


the Recipient, will be explained hereafter; 
Experiment 5.]JABC D are two Glaſs Plates, tes of 


the Planes may be benen to make any Angle 
it 


Raining the Plane in any Poſition, The Screw P 
makes faſt the Cylinder at any Height. 
x of Water or Oil, G, is put between the 


| Planes, ſo as to touch both the Planes, which 


muſt beforehand be made wet with -the ſame Li- 


Attraftion has a greater upon the Drop 


were their Diſtange is the leſs ; that is, a greater 


at e thanatf, therefore the Drop is moved towards 


e ; that is, aſcends, and moves upwards the faſter 


in Proportion asit is higher, the Surfaces in which 


the Drop touches the Glaſſes growing very much 


balance the Attraction, and then the Drop is at 
reſt ; and in that Caſe, if you raiſe the End A B 


of the Vlanes Rill higher, the Drop will deſcend 


by irs Gravity, which will then overcame the At- 
traction. =» Os X The 


ng the End AB where 
ined, the Cylinder N O likewiſe ſu- 


both Planes, but 
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Bock I. of Natural Philoſophy, 13 
Experiment 6.] Let two Glaſs Planes, ABCD, 38 


(Plate I. Fig. 7.) touch one another at AB, and at 
CD let them be a little ſeparated by the Interpo- 
ftion of ſome thin Plate, and then let their Ends 
be immers d into Water tinged 
in ſuch manner, that the Sides A B and C D may 
be ina vertical Poſition, the Planes having been 


moiftened wih the fame Liquor beforehand. The 


Water will rife between thoſe Planes by their At- 
traction, and rife higheft where the Planes are 
neareſt together; and as their Diſtance continually 


decreaſes from CD 10 A B, the Water riſes up to 


different Heights in every Place, and makes the 
Curve Line eg. „ 


E erp ng” es purer unites it ſelf to Tin 

and ( old; alſo 

clean Glaſs. . e 
We have Inflances of Repulfion between Water 


and Oil, and generally between Water and all un- 


-Quous Bodies 8 between rary and Iron; EE 
alſo between the Particles of any Duſt. 


Experiment 8.] If any greaſed ody, lighter than 


Water, is laid upon the Surface of Water, or Piece 
of Iron upon Mercury, the Surface of the Fluid 


will be depreſſed about the Bodies laid upon it, 
as it * about the Ball A (Plate I. Hg. 8.) 
And after the ſame manner where the Attraction 
obtains, the Surface of the Liquor is higher about 
the floating Bodies, as about the Ball B, and does 
not run to a Level by its Gravity; fo here where 
the repellent Force exerts its Action, Liquors, not- 
withſtanding their Gravity, do not run down to 


fill up the Cavities which are made ronnd the 


floating Bodies. 44395 
Upon this depend all the Phænomena of very 
light Glaſs Bubbles (Plare I. Tig. 180 which ſwim 


with ſome Colour, 


ater and Oil ſtick to Wood and 8 


upon 


39 


41 


42 


Bock I. 


| upon Water; 3 when ae, are 3 Water riſes 
about them all round, as at B; but When the) 


are made greaſy, the Water makes an Hollow a 


round them, as at A; in the Glaſs Veſſel where 


the Experiments are made, the Water alſo ſtands 
Higher all round next to the Glaſs, as at CandD D; 


but when the Glaſs is ſo fill d that the Water runs 


down from all Parts, then by the mutnal Attracti- 


on of the Parts of the Water, it ſtands higher in 


ths Middle than at the Sides, and forms the con- 


vex Surface AB C: (Plate I. 'Be. 9.) From theſe 


Principles only can the bre e . 


explain d. 8 


Experim. 9, 10, 11, 12, and 3 FE a Glaſs 


is not quite full of Water, 2 clean Glaſs Bubble 
always runs to the Side, and there ſticks, provi- 
ded it be not on 2 far from it. The Bubble 
is preſs d every Way by the Water when it comes 
to the Side of the el ; the ſameForce by which 
the Water is raiſed there, does in part take off 


that Preſſure; ſo the Preſlure on the other Side 
overcomes, and the Bubble i is een towards the 


a of the Glaſs. 


' When the Glaſs is ſo füll as to be ready to run 
over, the Bubble goes of it ſelf from the "Side to 


the Middle of the Glaſs; for the ſame Reaſon, ; 

| becauſe the Force by which the Water is-raiſed in 

the Middle, does alfo diminiſli the Freſlure oe 
gs the Bubble towards the Middle. 

Jjuſt the Reverſe happens when the Bubble ; is 


y, becauſe that Force by which the Water 


5 the Bubble repel one Another; 3 3s greateſt where 
the Water is higheſt. 


Two clean Bubbles, o n greaſy ones, tun to- 


wards each other. As to clean Bubbles, we 
have juſt given the Reaſon ; when they are made 


e there is a OW round each D 


e 


„% % M l 


| 


ftion. 
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If one Bubble be clean, and the other greaſy, 
they fly from one another, for the Reaſons, before 


given. 


The Patticles of any Salts attract obe another 


with a very great Force, as appears by ſeveral 


Experiments: The following will be ſufficient to 


prove, that that Attraction exerts it ſelf at a very 
{mall Diſtance, and the repellent Force at a 
greater. 4 Get I 5 33 ; . fy 


— 


Experiment 14.] Diſſolve Salt in Watet, and 


when that Water is reduced into Vapour , the 
| ſmall ſaline Particles will unite together and 


form greater Lumps; which proves the Attra- 


* Theſe Particles ate all equal, and of the ſame 


| Figure : Whence it follows, that the leaſt Parts 


of which they are form'd, had every where the 
ſame Situation in reſpect to. each other; that is, 
were every where diffuſed in the Water at equal 


| Diſtances ; which cannot be, unleſs they all repel 
one another with equal Forces, 


The Elafticity of Bodies, namely, that Property 


whereby they return to their former Figure, when 


. 


it bas been alter d by 4 Force, eaſily deduced 
from what has been ſaid: For if a compact Body 
be dented in without the Parts falling into that 
Dent, the Body will return to its former Figure, 
from the mutual Attraction of its Parts. 


We {ſhall alſo in its proper Place ſhew, that- 4 


that Property of the Air, which is call'd its Ela- 


| flicity, ariſes from the Force whereby its Parts re- 


pel one another.. 3 
And left any one ſhould imagine, becauſe we 
don't give the Cauſe of the ſaid Attraction and 
I <C 7 Repub 


: - ; Ki N = 2 PL 3 5 1 
nt 4 L * 
„ n \ 
. : , * n 5 1 
* * * * 3 1 * » : 
4 2 * * w * L * 
N x * = © 12. SY * 
X 2 e ha 
5 5 F FR ls 
42 7 — yy * 5 1 — 2 — Ne 
| | N, | 5 A 
* - 1 4 
3 0 Mura | 2100 1 1 ; "— 
7 q - a 3 a f ” = * + 4 
0 ed „ 5 * * 5 F x 7 
þ 1 * £ l 4 4 8 ; % 
9 4 4 \ * 0 o \ = A i — A N 2 


and where the Cavities join, the Preſſure is dimi- 
niſh'd, and the Bubbles run that Way xy. 
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12 Mathematical Elaments Book 1. 
Repulfion, that they muſt be look d upon as oc- 
cult Qualities: We ſay here with Sir ac Neto- 
ton, That we conſider thoſe Principles not as 
_ © occulr Qualities , which are ſuppoſed: to ariſe 
from the ſpecifick Forms of Things; but As u- 
© niverſal Laws of Nature 1 by which the Things | 
_ © themſelves are form'd : For the Phænomena of 
* Nature ſhew that there ate really ſuch Principles, 
© tho' it has not been yet explain'd What their 
© Cauſes ate. To affirm that the ſeveral Species of 
* Things have occult ſpecifick Qualities, by Which | 
they act with a certain Force, is jult ſay ing no- 
thing. But from two or three Phænomefra of 
Natüte to deduce general Principles of Mdtion, 
and then explain in what fnarner the Properties 
and Actions of all Things follow from thoſe 
Principles, would be a great Progreſs made in 
Philoſophy, tho the Canes of thoſe Principles 
/ %%% HT - -5* 
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CHAP. VI. 


C f Motion in general; where we foal ſreak 
h | e 1 and Time. n 
= 
of WF HE Subject we are new entring upon. tas a- 
n, large Scope in Phyſics : All that happens 
es Fin " Natura Bodies belongs to Motion, and even 
fe Mwhat has been ſaid of the Coheſion of Parts, has 
in W Relation to it: For though the Parts are not 


oved in their Coheſion it ſelf, yet that Coheſion 
ks be explain d, nor can what is laid about 

be copfirm'd by Experiments, without Mo- 
_ 

Motion 26 4 Tranſlation from one Place to ano- 47 
Der Place, or a continual-Change of Place. Eve. 
Body has an Idea of it; and Philoſophers ave 
n vain laboured to find a Definition of he ane 
dea, and proved with a great deal of Pains, that 
one may come to be ignorant of a Thing, which 
otherwiſe every body knows. Ts 
Place is the Space taken up by a. Body z of which 48 
ay, be ſaid, hat has juſt been faid, concerning 
Motion. 

It is TARA "The, or Aſelue, and Re- | 


'T 8 ave. ; 


Drains * 


True Place is that-Part of immoveable Spank 49 
bh . 
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CT ll. e 
"Relative Place. which only can be Aiſtingui iſh'd 
by our Senſes,” 25 the Situation of a Body i in refer | 
5 of other. Bodies. : 
True Place is often changed; whilſt relative 
Place is not, and fo reciprocally. 
W hence ariſes a True and Abſolute Motion, and | 
another Sort call d a Relative Motion. 
"Whilſt a Body moves, Time goes on. 5 
Time alſo is Twofold ; ; True or 22 and 
Relative. 
Tue Time 128 no relation to the Motion of 
Bodies, nor to the Succeſſion of Ideas in an Intel- 
ligent . but fs its Nature it ys owe 


equally. 


#200 1" 
: ' Ds ns II. 0 

: Relative Time 1 Part of the true + Mas mea. 
fart by the' Motion of Bodies; and this i is the 
only Time that our Senſes perceive. 

All Motion may become: ſwifter, as likewiſe 2 
Body may move {lower than it aid before ; and 

it is very likely that there is no Motion of Bodies 

w wholly equable ; z Whence' it follows, that relative 

Time differs from true Time, which never 2 5 
faſter nor — 135 


& 
* 


3 = 


CE 1 
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A 7 BETH, Dent ava ee 
$f "That Mettion of- Motion , by which a ; Body v run 
thro à certain Space in 4 certain Time, is call d 
- Celerity or Velocity ; which is greater or leſs, ac. 
cord ing to the Bigneſs of that Space, to which 7 it 

7 ls e 5 
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N The Direftion. of Motion, in a; Rite 13 55 
which we ſuppoſe drawn towards wy 7 es her 1 


tive the wg! e Body tends. 3 
and Dios VII. 


WT Ee is _ Force e upon 2 a 56 
move it. 1 | 6 | 


* [4 


Detinirion mn. : 3 
The Greamels of that Force | is all, the 1 5, 


os ronſi iy 4 the Power. N 

5 2 N HA p. VII. 2 5 

. N Motions compared en, 

the : : 

3 77 4 ＋ oO N 8. 

ſe 2 | PL 2 xv x . eh 3 jp | | _ 5 

— TK, Quanticy” or Mes of Motion 58 | 

= follows the Sat * rhe 1 N . 
10 e Motion. 15 88 


The whole _ f Marine 3 at 'the 59 
fame Time, have the ſame Relation to each other, 
as the Momenta of thoſe Motion. 
two equal Motions af in a' contrary Direflion 60 
they deſtroy each other 5 and the one can never over- 
come the other. © 5 
Bodies in Motion may differ in Two Reſpedts, 61 
either in Reſpect to the 5 of Matter in 
each, or in Reſpect of the Space gone thro in 
the ſame Time, that is, in R Pi 1 the Velo- 
by Th * and there is no Lochef ifference : Theſe * $3o 


_- 


1 F 
5 . 
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*. 53+ ſame Time 175 
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Two Things therefore, and only theſe Two, are 
to be conſider d in comparing of Motions. 
Wnen the Velocities are equal, nothing is to be 
conſider d but the Quantities of Matter; and if it 
be double in one Body, the Quantity of Mokion 
in that Body will alſo de double 3 becauſe ſuch 4 
Body is made up of Two Bodies, each equal to 
the jeaſt Body, and moved with the ſame Celerity 
as the little one. The ſame may be ſaid of all 
other Relation between Two Bodies; whence We 
deduce this general Rule: 

In equal Bodies that move with the ſame Veloci. 

ry, the Quantity of Motion 5 as the Nuunriy of 

Mats in tuch. 
When the Quantities of Matter: are. equal, 
the Velocities only are to be conſider a2 And 
then 

In equal Boles: , the Moments are as the Velo- 
cities: That is, 25 the Spaces one thro in the 
For the going thro' thoſe Spaces 
are the whole Effects of the Motions produced in 
that Time, and are to one another as thoſe Spa- 
ces; therefore the» Momenta alſo are in the ſame 


* 55. Proportion. 
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In order to determine the Relation Con Two 


Motions. chen the Velocitiet are unequal, and the 
Bodies differ in Quantity of Oy you muſt find | 
Two Ruantities that are to 0 Lira er as the M/ 
2 a wa fo e Multiplying 5 eloctty 
of each Body by. its M wanuy of Matter, 
the Produfts will be to 5 other in the faid Pro- 
Portion. 


When, for Example, the Velocity is double, 
and the Maſs, triple, a double Quantity of 
tion muſt be tripled ; therefore it will be. ſexty- 
ple: This is the Caſe when in one Body the Ve- 
locity is Two, and Four in Vas of the and the 


Maſs of the fir Five the Maſs of the other - 


s 


" DO FE) * 2 "4 EFT * 
* 5 3 TY » —_ Y "oY Iy! As 
4 1 


jt Fifteen; ;. multiplying each Maſs by its Velo- 
Wo the Products rg and 60, The. laſt of 
which is ix times the firſt. 


Book k; of 8 Thilofoptye = 3 | 


\- 


This is call d a Ratio, compounded of the Ra : 


tio of the Maſſes and the Celerities. 

A greater Body may move more lowly. than 

a leſs, in ſuch a manner that dr leſſer Body, may. 
have an equal Quantity of 
| greater than the other. 

When the Velocity in the Leer Bod 15 to the Ve- 
bocity in the greater, as the Maſs 722 reater to 
the Maſs of the leſſer ; the as of tion are 
equal in the two Bodies. 


As much as the Quantity off Motion in the. 


otion Nd, or a 


65 


leſſer Body is lefs in teſpect of its Maſs, ſo muck 
is it greater in reſpect of the Velocity whence 


an Equality ariſes. Likewiſe in that Caſe; the 


Products of the Maſs of each Body by its Velo- 


city are equal; and the Celerities are faid to be in 
an inverſe Ratio of the Maſſes, of reciprocally 
as the Maſſes. 
When ſuch Momenta Ci Marion af comrariwiſe, 
they deſtroy each other 8 
e 


0. H A P. vil. REL! 
_ How to compare the Afions of Powers. 


TH Actions of Powers acting upon Bodies 


may be compared together, in the ſame 
manner as the Quantities of Motion and the 
ſame Rules ſerve for both. 


We ſhall hereafter ſhew, 1 2 Body once in 


Motion will continue in that Motion, tho' the 
Cauſe that firſt gave it, ceaſeth: So that if a Body 


ſhould be continfially ated upon by any Power, | 


the Nane wp 2 . ek Moment, 


; * . 4 ; 
bs 7 
5 [ , 8 — 


I 
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Mathematical Elements Book I. 


We do not here confider ſuch an Action of 
Powers; but we take notice only of Powers that 
act againſt an Obſtacle, in ſuch manner that by 
the Reſiſtance of the Obſtacle the Action of the 

Power is continually deſtroy'd, which is to be 

. obſerv'd; for in another Caſe the following De- 
monſtrations do not obtain. When therefore we 
ſpeak here of an Obſtacle to be removed by any 
Paper, we ſpeak of the greateſt Obſtacle that can 
de moved by that Power; for otherwiſe the Ob- 
ſtacle would not deſtroy the whole Action of the 


1 


Pow-we.. | | 
The Actions of Powers may differ from one 
another, both in reſpect of the Greatneſs of the 
Obſtacles, and in reſpeCt of the Spaces run thro? 
by the Obſtacles; (that is, by the Points to 
which the Powers are applied :) Theſe two 
Things alone are to be confider'd in comparing of 
JJ TT rope oe Oy 
The Obſtacles which may be removed by 
Popers, ate to one another as. the Intenfities of 
* „the Powers. *- - > RE l . Yb 5 \ 5 
67 From whence it follows, that the Actions of 
Powers equal in their Intenſities, are to one another 
as the Spaces run thro, For they only - differ in 
that reſpect, becauſe the Obſtacles are equal. 
68 When the Spaces run thro are equal, thoſe 
n ß 
69 M ben both the Spaces run thro, and the Intenſi- 
nies are different, the 225 of the Powers are to 
one another in à Ratio compounded of the Intenft- 
ries and the Spaces gone thro. © 
70 When the” Spaces gone thro” are in an inverſe 
Ratip of ghe Intenfities, the Actions arg equal, 


Fire,, 10 
751 We call the whole Force of a Power, its Action 
in re/pe4 to Time; and therefore the whole a” 


} 


— 


| 80K 14 off Vana! it Phiſh. 25 


of powers are to one another, as the Atons pro- 
nat duced in the fame Time. 

by 'Theſe Things may he Jemonſtrated.i in the "AY 4 
the manner, as what has been al in wo, EE. 


os Chapter. 55 2 8 

105 CHAP. IX. 

rd General Things concerning Gravy. 

b- 5 PHENOMENON I. yo 
he LL Bodies near the Earth, if honder'd by 10 
ah A Obſtacle, are carried towards the * 

he DEe#INITION 1 Gs 


the Earth, Is call 'd Gravity, | 2s 


DeriniTION JL +; 


That Force in reſpet to a ogy: affed be yi it; 
2 call d the Weight of a Bod by. 


PHENOMENON Ul. 


The Force of Gravity afts e equally, ang every 
Moment of Time near 1 Earth s Surface. \ > 


There is Indeed a Sunil Difference of Glavity 


of hereafter z but it is too ſmall to be confider'd 
here, eſpecially becauſe it is wholly inſenfible in 
hg Countries. 


it may be look d upon as a Power acting upon an 
Obſtadle: ;. and therefore what has in the foregoing 


does obtain here alſo. 
ruENo- 


The Eree by which Bodies are 25 FO” | 


in different Countries, which we ſhall take notice 


hen the Deſcent of a Body is hinder 4 by an 
Obſtacle, it continually preſſes that Obſtacle equal- 
ly, tending towards the Earth's Center; therefore 


74 


75 


Chapter been demonſtrated concerning Powers, 


1 8 


(| 


ob. eee Bock 


-PHENOMENON. 8 Ta 

| Bodies which de cend by the Force of. 

( if all Reſiſtance be taken "if ) ja 4 W i 
| ed. Which is proved by an 


* 


ö ** 72 


Experiment.] Pump out the Air 3 the tall 
Recipient AB, (Plate H. Fig. 1.) which is made 
up of two Glaſſes, and is about three Foot was 
Then from the Top of the Glaſs within, by m 
ving the Handle CD, let fall a Piece of Gold 5 
a very light Feather juſt at the fame time, and 
they will always come pe 5 to the Braſs Plare of 
the Pump upon which the Receiver ſtands, at the 
lame Inſtant of Time. 

For making the Experiment readily, the Top 


of the Recipient is cover d with a Braſs Plate 
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laid upon it. A thin Plate bent into the Figure 
E, is fix d to the covering Plate at e, by help of 
two Screws H, that go thro two lefler Plates, 
one of which you ſee at £ J and are join d to the 
other Plate k. 

The Ends of the Plate {| ting together, and ſo 
hold the Feather and the Id whilſt the Receiver 
is exhauſting. 

A Braſs Wire runs cho the Cover, which by 
means of the Handle CD, may be turn'd round 
without admitting the external Air; ; Which we 
_ explain, when we come to ſpeak of the Air- 
Pump. 

The Wire goes chro an Hole in the upper 
Part of the Plate e, and the End of the Wire 
which comes down between the ſprin _ Plate, 
may be ſeen at L: It is ſquare and hollow , that 
the Oval Plate I, may be join d to it. 755 

: You muſt obſerve, that the ſmall Diameter of 


the Oval be ſmall. enough for this little Plate to 
be contain d between e peng 12 ene their 


Now. 


Ns come 11 her. 


x 9 
e af 
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Nox when the Braſs Wire, and by it the 

ate Ii is turned round; by reaſon of the Diffe- 

cas of Diameters in the Oval, the Ends of the 

Springs open; and then the Bodies that are ſuſ- 0 

pended, are let go at the ſame Moment of 

TiINE 

ade The ſame 8 is alſo Jeduted Ha 1 

gh: another Experiment, which we ml mention , 

mo- Wl hereafter; * bas, 

and Hence it follows, that Gravity. in all 8 79 

and that is, their Weight, is propor tionable to their 

> of Buantity of Matter. ! * 62 

the "Therefore all Bodies conſiſt of Matter that is 80 
equally heavy ; and the Reaſon that Bod ies do not 

"op appear equally heavy, is becauſe ſome have more 

ate WF Matter than others under the ſame Bulk; that is, 

ure in the ſame Space. 5 

of When Weight is a 2s 4 Power, the 81 

es, Intenſiry of the Power is proportional to the _ 

the Quantity of Matter in the heavy Body; and the 

_ WH DircQtion of the Power is towards the Center of 

ſo the Earth, | | | 


CHAT: R 


nd WM Of the fogle Pulley, Balance, aud g be- 
ve Center of Gravity. e 


DEFINITION * 


Single Pulley ; is alittleWheel 3 about 82 
4 \ its Axis, over which goes a drawing or run- 
ning Rope, dc e (Plate I. Eg. 10.) 

By this Engine, the Direction of the Power i 18 
changed, neither is it of any other Uſe when fix d; 
for in that Caſe, if the Force or Power applied tothe 83 
drawing Rope, as M, be equal to the Obſtacle P, it . 
lancer that n x, or in that Cafe : Power cant 71 
1 Move 


2007 -* eee e Bock J. 


move, unleſs the Obſtacle does at the fo ame time eo 
through an equal Space. © 
Weights ate found, that 5. the Ouantities of 
Matter in Bodies are compared together *, by a 
Balance, or a Pair of Scales, which is a well 
Knon Inſtrument. „„ 


* 4 : AFL +7 4 


Ty . Dri xi rox II. 9 
K The Avis of a Balance, is that Line about which 


5 the Balance moves, or rather turns round. 


* 


DkErix IT Io III. 55 | 


85 : When we conſider the Length of the Brachia, 
bot of the Beam, then the Axis is to be looked 
f F as a Point, and 8 8 75 the Center Tf the Ba- 
tance. 


Sr tao IV. 


86 we call Points of Suſpenſion, or Aoicarion 

Ed thoſe Points where the Weights reall ly are, or from 
: which they hung freely ; or the Scales in which re 
Weights are Placed. 


| Concerning this Machine, we are to ob- 
. 
7 * That the Weight does equally pre ſs the Point of 
Ss ani 1h at whatever Height it bangs from it, 
in the ſame manner as if it was fixed at that 

| very Point. ; 

For the Weight at all Heights equally ſtretches 
75 75 the Rope by which: it et This 1s = 
1 889 8 


2 o Experiment 15 bs the Hines A B, the Weig fi 

, by means of the Rope BD (Plate II. Fig. 0 

15 53 ſuſpended at different Heights : and the Pofi- 
= "Hole 2 of the 18 is not changed by . 
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ſo much greater as the Point preſſed by the Weight 


is more diſtant from the Center. of the Balance; 
nd that Action follows the Proportion of the Di- 


When the Balance moves about its Center, 
the Point B deſcribes the Arc Bb (Plate II. Fig. 3.) 
whilſt the Point A deſcribes the Arc A a, which 
is the biggeſt of the two ; therefore in that Mo- 
tion of the Balance, the Action of the ſame Weight 

is different; accord ing to the Point to which it is 
applied, and it follows the Proportion of the, 


Space w gone through by that Point : At A there. 67,75 


fore it is as Aa, and at B as Böõ; but thoſe Arcs 
are to one another as CA, to CS. 78 


Experiment 2.]+The Brachia of the Balance AB 
(Plate II. Fig. 4.) are divided into equal Parts; 
and one Ounce applied to the Ninth Diviſion from 
the Center, is as powerful as three Ounces at the 
third; and two Ounces at the fixth Diviſion a& 
as ſtrongly as three at the fourth, c. 

The Conſtruction of a: Balance for this and 
ſome other following Experiments, is plain 
enough from the Figure, adding to it what is 
faid at Numb. 102. Hence it follows, that the 
Action of a Power to move a Balance is in a 
Ratio compounded of the Power it ſelf, and its 


Diſtance from the Center *; for that Diſtance is 5 5 


as the Space gone through in the Motion of the 


Balance. * | 
EATS DE Pol Mp: TION . Ms 2 


A Balance is ſaid 0 be in Equilibrio, when the 89 


Adtioms be Weights upon each Brachium to move 
the Balan, are equal; ſo that they mutually de- 


ſiroyel 


The Action of a Weight to move a Balance 3s by 88 


< 
I 5 


90 


nnſꝗtes with three Ounces at the: third Diviſon. 


91 The Steel- yard, or Statera Romana, which 


30 
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| When a Balance is in Equilibrio, the Weigh 


on each ſide are ſaid to:equiponterate. 
Unequal \Weights can quipanderate. For this, 


it js requiſite, that the Diſtances from the / Center 
| 2097008 reciprocally. as'the:Weights:* In that Caſe, if 


each Weight be by its Diltan the 
Products will be equal. * 2 


| Experiment 2] In the abayo-mentioned Balance 


| (Plate II. Eg. 4.) one / Qunce at the diſtance of 


the Ninth Diviſion from the Center, æquiponde- 


weighs every Thing with « one . is made 


upon this Principle. W 99.10 


„ 


Experiment 4] The Steel yar AB (Plare II. 


Eg. 5.) has two Brachia very unequal. 3 a Scale 
hangs at the ſhorteſt ; the longeſt is divided into 


unequal Parts: Apply ſuch a Weight to it, that 
at the firſt Diviſion it ſhall æquiponderate with 
one Ounce laid in the Scale; then the Body to 


be weighed is put into the Scale, and the ee 
mentioned Weight is to be moved along the 


longeſt Brachium, till you fand the Æquilibrium; 


the ber of Diviſions between the Body and 


the Center ſhews:che: Number of Qunces tha the 
Body weighs, and the Subdiviſions therParts of 


an Ounce. 


Upon this Principle alſo is founded the de- 


the Brachia. | 


Experiment $.] Take two «Gail of 
Weights, in the proportion of 9 to 10 lire Il. 


ceirful Balance, which cheats by the 92 75 of 


ty. 1) and hang one of them ar the tenth 
Diviſion : 


| Mathematica Elements Bock J. 
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nn 
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Den of the Balance above deſeribed, and the 
other at the Ninth Divifion; Id that there may be 
an Equilibrium : If then you take 'any Weights, 
which-ate to one another us 9 to xo, and put the 
firſt in the . and the other in the other | 
they w uiponderate. 
— 'banging ut ſeveral Diſtences on 
one ſide, ma æquiponderute with a al: ltr un 
the other file. To do this, it is required, that the 


Product of that Weight by its diſtanee from the 


Center, * equal to the Sum of the Products of 
all the other Weights, each —_— ANTI by 


its Diſtance from che Center. We | 


Experiment Fl Han xhes | Wei tits. K an 
Ounce each, at the- ſecond, third aid fifth Divi- 
ſions from the Center, and they will æquiponde- 
rate with the Weight of one ſingle Ounce ap- 

plied at the tentli Diviſion of the other Brachium 
Plate II. Ng. 6.) And the Weight of one Ounce 


at the ſixth Diviſion, and another of three Ounces 
at the fourth Diviſion, will zquiponderate with a 


9 


Weight of two Ounces. on the other ſide at 1 3 5 


ninth Diviſion. 


Several Meights, . in nomile on nd 
fide, nay eguponderate. In that caſe, if each f 


them be multiplied by its diſtance from the Cen- 
ter, the Sums of the Products on either fide will 


be equal ; 3 and if thoſe Sums are au, eum 
be an Fquilibrium. | 


Eiperimtar 70) Hang on a W. * of two 
Ounces, (Plate II. Fig. 7.) at the 0 th Diviſion, 


and two others, each of one Ounce, at the ſecond 37 


and'feyeltth:; and on the: other ſide hang two 


-Weights, 'eachalſo df one Ounce, at the ninth 
and tenth Diviſions: and theſe Two will 'equi> + | 


ponderate, with thoſe T hree, | 
3 4 55 
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Dzrinition VII. 3 


5 "The Center of Gravity is 4 Point in a. Body, 
555 t which all the Parts of the Body (whatever 
> | Pofttion it is in) are in æquilibrig. 
98 When two or more Bodies are joined, whether 
they are contiguous or ſeparated, they have 2 
common Center of Gravity. 


When the Center of N is ſuſtained, the 
Body remains at Sel: v4 + 


SC | Experiment 8.] The Body A 4 Plate m Fig. A 

uw is ſuſtained and at reſt, becauſe its Center of 
. n, is ſuſtained by the „ 

When the Center of Gravity is not ſuſtained, 

the: Body moves till that Center comes to be 

ſuſtained. | 


5 Experiment 9. The TOE A laid upon the 
Table will fall, and the Body B will not remain 
in its Poſition, becauſe their Centers of Gravity 
are not ſuſtained. 
Hence may be known, why ſome Bodies laid 
upon inclined Planes, will roll off, whilſt ſome 
- only ſlide off. 
. > Experiment 10.1 The Body: A flides, becauſe 
# 1 Center of Gravity is ſuſtained by an inclined 
Plane; (Plate III. Fig. 4.) that is, the Vertical 
Line which goes through that Center, & cuts 
the inclined Plane within the Body. But the 
Body B rolls, becauſe the Vertical Line, thro its 
Center of Gravity cuts the inclined Plane without 
| the Body. 
100 From what has been $A it follows ald that 
2 Body deſcends, when irs Center. of Gravity 
deſcends, that is, is moved towards the * 
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Sometimes in that caſe a Body ſeems to aſcend, | 
and oftentimes. it does really aſcend. ; but as all 
Bodies deſcend by Gravity, that is, their Centers 
of Gravity deſcend. ; ir follows, that a Body. 
ſeems to aſcend by its Gravity, and can really 
aſcend. - VV CEN. 


Experiment 11.] The Wheel A (Plate III. Fig. 

6.) whoſe Axis is made of two Cones, the Baſes : - 

of which join to the Wheel, when put between 

two Planes, whoſe Sides DG, FH continued, make 

the Angle FCD, which has the Baſe, (ſuppoſing 

a Triangle made) higher than the Vertex, wil 

from HG, the lower part of the Planes, roll to- 

wards FD, the higheſt part of the Plane. 
diſtances between the . : 


By reaſon of the greate | 
Planes at FD, the Wheel A, whoſe Axis is a Cone | 
both ways, deſcends more between the Planes, 1 
when it moves towards that part, and is ſo car - | 
ried thicher by its Gravity, provided that Deſcent 
be greater than the Aſcent from the Inclination of 

the Angle FCD with the Horizont.. 


Experiment: 12.) The Wooden Cylinder  .. 
(Plate III. Fig. 5.) has within ir, near the Side. 
a Leaden Cylinder ; their common Cent 1 8 
Gravity is in a Section parallel to the Baſe, 
which divides the Cylinder into two equal Parts, 
2 in a Point anſwering to the Point c of the 

aſe. . * 
Whatever Poſition this Cylinder be laid in, it 
will move until the above-mentioned Center of 
Gravity be in the loweſt Place which it can 
come to. : > x 
If it be laid upon an inclined Plane, in the Po- 
fition deſcribed in the Figure ; the Center of 
Gavity. will deſcend whilſt the Body riſes along 
the Plane, if it be DK in a fit manner, 5 | 

| 3 |; at G RE — 


+ = — 


© A 


e e Blades - Hd L 


The Body aſcends by rolling towards the up- 
part of the Plane, but care muſt be taken, 
: 7 55 Wil K is endeavouring to roll up, it does 
not ſlide down along the Plane; and therefore 
you muſt uſe a Rope, which. goes in part round 
the Cylinder, one End of which is joined to the 
ö at 3 and the other i fixed to rhe Plane 
| at 

101 From what has been Kid of the Center: of Gra- 
vity, it is farther deduced, that whatever Point 
of a Body or Machine ſuſtains the Center of Gra- 
vity of any Weight, that Point ſuſtains the 
whole Weight .: So that the whole Force 2 45 
_ any Body tends towards the n iS, as it were 

collefted in that Center. - 1 


7 Experiment 13.] If the Body AB (Plate: III. 
NE Be: 7.] whoſe Center of Gravity is laid upon the 
_ Brachium of a Balance, does in any Poſition 


_ Xquiponderate with any Weight P; it will in 
any other Pofition, as ab, ab zquiponderate 
1 it, provided the Center of Gravity de be ſtill 
At 
102 That à Balance may be ket, it is required, 
I. That the Points of Su ſpenfion of the Scales 
or Weights be exactly in the fame Line as the 
Center of the Balance. 2. That they be preciſely | 
-  equidiſtant from that Point on either fide. 3. That 
__ the Brachia of the Balance be as long as they 
_ Conveniently can. 4. That there be as little 
Friction as poſſible in the Motion of the Beam 
and Scales. 5. And - laſtly, that the Center of 
Gravity of the Beam be Placed a = * the 
| Center of — | 
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CHAP. X 


TE 3 THE 


Derixiriox Li N 


Verght as 75 be balanced. (Plate IV. Fig. 1.) 
It is the firſt of thoſe that we call Simple Ma- 


Simple of all; and it ſerves when \ eights as 
o be raiſed but to a ſmall Height. 158 
There are four other Simple Machines, which 
e ſhall treat of in the three following Chapters. 
Concerning the Lever, three Thin 85 are to be 
onſidered. 


, tho* commonly it is the Action of a Man. 
3. The Fulcrum, or Prop, by which the Lever is 


hilſt the faid Point F remains 3 5 
The Lever is threefold. 


he Weight and the Power. (Plate IV. Pig. 1.) 
oak and the Power. (Plate IV. Hg. 2.) 


"= and the Fulcrum. (Plate IV. Fig. 3.) _ 
The fame Rules" ſerve in all theſe Caſes, which 


And this ſhews the Analogy between the Lever 
nd the Balance. The Lever of the firſt kind is, 
s it were, a Steel· yard to raiſe Weights. 


4 he increaſe in proportion to their dns from 
„„ db 


x 
LE 
A N - 
. 


Joo * of Fr gs . 


Der is called by Maden deine r wh. 
\ Nexible Right Line made uſe of 10 raiſe 
bg, ether weighing nothing i it ſelf, or of ach | 


hines (or Mechanical Powers) as being the moſt 


1. The Weight to be raiſed or ſuſtained, as P. 
2. The Power, by. which it is to be raiſed or. 


uſtained, which here is repreſented by the Weight 


2. Sometimes rhe Weight is between rhe Ful- 


2. And often alſo the Power acts between the | 


ETD zel. 10 5 . 


uſtained, or rather on which it moves Fae 5 


1. Sometimes the Fulerum is . e 104 | 


ollow from whar has been faid of the Balance *: * 88 


The Aﬀion of a Power, and the Roſe fence of the 10 


36 W nn Boch 


* 88 


the Diftance of the Point in the Lever to which it 


＋ 90 


M, which repreſent the Powers, and alſo: the Di. 


eech other as the Numbers written in the Figures 


ble ever ſo ll increaſed, will raiſe ibe Weight. 


/ 


the Fulcrum* ; and therefore, that a Power may 
be able to ſuſtain a Weight, it is required, that 


is applied, beto the Diſlance of the Weight, as the 
Weight to the Intenſity of the Power * \ which, if it 


Experim. 1, 2, and 3.] This Rule is confirm'd 
by Experiments in reſpect of the three Levers, 
as it appears from the firſt, ſecond and third Fi- 
gures of the fourth Plate; for: there is an qui. 
librium, when the Weights: P, and the Weights 


ſtances from the Fulcra bear - thoſe Proportions to 


expreſs. A Sight of the Figures ſo plainly ſhews 


the Conſtruction of the Machines wherewith the m 


106 


— 


* 
1 


Experiments are made, that a further Explanation ir 
would be needleſs. „ 
Workmen alſo make uſe of a Lever to carry P 
Weights; and there are ſeveral remarkable Caſes ;7 
of thoſe Leyers, the Demonſtration of which may 2 
be deduced from what has been ſaic. „ 
In all Caſes this is generally to be obſerved, 
that the Intenſity of the Power, or the Intenſitiesl 
of the Powers taken all together (when there art 6 


more than one) muſt act as ſlrongly as the Graviij 2 
ef the Weights to 55 | 


107 


e carried or ſuſtained. ec 
If a Weight is to be carried or ſuſtained by 
two Powers, it muſt be placed between the two 
Powers, and the Diſtances of the Powers on each 
fide of the Weight muſt be in an inverſe Ratio o 
the Intenſities of the Powers. ON | 


0 
. v 

Experiment 4.] This Propoſition is confirm'd hy b 
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Experiment 5. When tro W wins are to be: 0 
ſuſtain d by one Power, that Fower muſt be 
placed between the Weights, and then what has 

boon faid before of the Powers muſt boy applied to 

the Weights. See Fig 1. Plate V. 

Several Weights are often aartied or ſuſtained 

by one or more Powers. In which Caſes it is 109 
to be obſerved, That al! Weights, in whatever Po- 

on, have one common Center of Gravity; which 
Center is ſuch, that if on either fide, each Weight 

be multiplied by its Diſtance from that Point, 

the Sums of the Products on each tide will be, 


Let the P ower's alſo be diſpoſed i in any Poſition, 8 


they have a common Center off Gravity; for they | 


Intenfity of each Power is to be multiplied b 
Diſtance from the Center, and the Sums oh a 
Products will then be equal en both Sides : that 
the Powers may be able to ſuſtain the Weights, it 
is required that the Center of Gravity os tbe Pow- 
ers and the Weights be the Jane. . 
Experiments 6, nd 7] What has Sis n ſaid ar. | 
ficiently explains the Figures, (Plate V. Fig. 2, 
and 3.) where C denotes the Center of d 
common ts che W Eights and the Powers. 


the Lever is drawn (Plate V. Fig. 4.) by Powers | 
on each fide ; which we ſee in the Lever of Fig. 4. 


the Mquilibrium only depends upon what has 
been laid down in the Rules above: mention d. 


for raifing Weights. - In which-Caſe, inſtead of 
a Fower, a kecond- * 18 applied 0 the * 
oY 


_ 


which is drawn horizontally on each fide ; where 


FU 


equal? 93 9 


We may alſo make uſe of a compound Lever 11 1 


\ » 


may be repreſented by Weights ; * and here 1 5 vat 


Experiment 8. What has 28 ſaid is 4rve; 1 Yoo 3 


” * " * 
3 "RT oY 
G er- r 1 wr „ Es hn PS, 
: 


£ * ene Elen 10 Bock To 
and a third to that, and ſo on as far as you will, 
$51 and a Power is applied to the laſt Lever; and 
then the Ratio of the Power to be Weight | (v hen 
itt ſuſtains it) is compounded: of the Ratio of the 
Tante i, the: W k- og each Tay WF 875 are 


1 7 481 


QI; Fl i Ba 97 The 1 Ps A, 8. mars ate 
To diſpoſed (Plate IV. Fig. 5.) that the Power M 
ſuſtains /the Weight. P. In the Lever A, if it 
were uſed. ſingly, the Power would be to the 
Weight as 1 to 5 „ the Lever B, as 1 to 4 

And in the Lever D, as 1 to 6. The Ratio, com- 

e Pdunded of all theſe, is as 1 to 120. For one 

Duc M, does here ſuſtain the Weight P, of 120 

BY = Ounces. Obſerve, that in the Motion of this 

x + Tang the- Spaces gone thro' by the Weight and 
the Power, are to one another, as 1 f 120; that 
is, in the {aid inverſe dee which 4s required to 

* 70, e IE 5 88 i 

3 A n : e 


0 1 A r. XII. 


Of the. Avis in „ Ferithochio, ond Wi. 8 W 
1 ns Teerb. n 


\HE orc 15 was Lid in the PO of 
1 the Foregaing . Chapter, ſerves: to. raiſe 

| Weights to a ſmall Height; when they muſt be 
ory raiſed higher, we uſe an Aris in es A 
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| 104 Dr en. 5; each: | 
112 We call Axis in Peritrochio, a Wheel tabjeb 
1 turns, 1ogetber| with it Axis, (Plate V. Fig 5.) 
The Power in this Machine is applied to the 
111 Cirriniforence-of the Mbeel, by whoſe: Moudn, 
2 Kope that is tied to the Weight, is mod about 
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Axis, p the Weight to be raiſed, m the Power 


as the Wheel is moved by the Power, the Points 


b and d deſcribe ſimilar Arcs, which are the 
Ways of the Power and the Weight, and are to 
eich other, as c h̊ to c d, that is, as the Diameter 
of the Wheel to the Diameter of the Axis; 
whence the following Rule is deduced. © 


Ihe Power has the greater Force, the greater the 113 


* + i 


Let ah be the Wheel, (Plate V. Fig. 6.) de the 


* 


'2 } 
# £ 


Wheel ts, and its Action increaſes in the ſame Ratio 


as the l heels Diameter. The Weight reſiſts ſo much 
the leſs as the Diameter of the Axis it leſs, and its 
Reſiſtance is diminiſh d in the ſame Ratio as the 
Diameter of the Axis. And that there may be an 
{Egqilbrium between the Weight and the Power, it 
is always requiſite that the Diameter of the Wheel 
be to the Diameter of the Axis in an inverſe Ratio 
of the Power. to the Weight * „ 
It is to be obſerved, that you muſt add the 
Diameter of the Rope to that of the Axis. 
Experiment 1.] This Rule is variouſly con- 
firm'd (Plate V. Fig. 5.) by help of the Machine 
here repreſented. When the Axis is the twelfth 
Part of the Diameter of the Wheel, half a Pound 
ſuſtains fix Pounds; and ſo on. 
The Power alſo may be applied to an Handle 
or Spoke; as at D, and then the Diſtance of the 
Point to. which it is applied, reckon'd from the 
Center, muſt be look d upon as the Wheel 's Semi- 


« 


* 70 


* 


— 


The Wheels that have Teeth, work in the fame _ 


manner as this Machine; they being in reſpect of. 
the Axis in Peritrochio, what the Compound 


Lever is in reſpect of rhe ſimple Lever. 


If the Axis of the Wheel has Teeth alſo, it 114 I 


ſerves to move a Wheel, whoſe Circumference + _ 


has Teeth 3 and the 5 


4 again 


of this laſt Wheel may 
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the Weight, its Ratio to the Weight is compounded 
f the Ratio of the Diameter of the Axis 385 laſt 

Mee io the Diameter of the firſt, and the Ratio 
h Revolutions of the laſt Wheel, to the Revo- 
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again communicate Motion to a third Wheel, and 
ſo on: In that Caſe, that the Power may ſuſtain 


- 


lutions of: the firſt in the ſame Time. 


* 


The Demonſtration of which Rule is alſo de- 


duced from the Compariſon of the Ways run thro” 


— 


Experiment 2.] Let the Power repreſented by 
the Weight M be applied to the Wheel A B, and 
dhe Weight P to the Axis of the Wheel F G, the 


Diameter of that Axis is the eighth Part of the 
Diameter. of the Wheel A B, and this Wheel 
goes round five Times, whilſt "the Wheel: F G 
goes round once: therefore the Ratio of the 
Power to the Weight is compounded of the Ra- 
tio s of 1 to 8; and 1 to 5: therefore it is the Ratio 
of 1 to 40; half a Pound in this Caſe ſuſtaining 


4 


20 Pounds. 


one. - X..: 


Of the P ULL E T. 


N ſeveral Caſes where the Axis in Peritrochio 
cannot conveniently be applied, Pullies muſt 
be made uſe of to raiſe Weights z a Machine 


made by combining ſeveral of them, lies in a lit- 


»382 


1 


tle Compaſs, and is eaſily carried about. 


What a Pulley is, has been already explain d.“ 
If the Weight be fix d to the Pulley, ſo that it 
may be drawn up along with it, each End of the 
Drawing or Running Rope ſuftains half the Weight. 


Therefore when one End is fix d, eitber to a Hook, 
or any other way, the moving Force or Power % 
775 to the other End, if it be equal to half the 
Weight, will keep the Weight in Æguilibris. 
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Book I. f Natural Philoſophy. 
Experiment 1.] Make faſt the Weight P of two 
Pounds to 4 Pulley (Fig. 1. Plate VI.) yet ſo that 
the Wheel or Sheave may not be hinder'd from 


turning round; let one Part of the Rope ef be 


tied to a Hook; and the other end c d go round 


the fix'd Pulley, to change the DireCtion, * the 
Weight M of one Pound fix'd to this end of the 


Rope, will ſuſtain the Weight FP. 


Several Sheaves may be Join'd in any manner 


and the Weight be fix d to them; then if one en 


of the Rope be fix d, and the Rope goes round 
all thoſe Sheaves, and as many other fix d ones 


as is neceſſary, a great Weight may be raiſed by 
a {mall Power: in that caſe the greater the Nun- 


ber of Sheaves fix d in a moveable Pulley, or of move-. 


able Wheels, (for the fix'd ones do not change the 
Action of the Power*) ſo much may the Power be 
leſs, which ſuſtains the Weight ; and a Power which 
is to the Weight as the Number One to twice the 


+83 


Number of the Sheaves, will ſuſtain the Weight. * | 


The Reaſon is, that the Number laſt men- 
tion d is the Number of the Ropes that ſuſtain 


= Weight, and the Power is applied only to one 
one.” 20 Er ty oY TRAN 


N.B. The Workmen in England call a Block, the 


Box or Piece of Wood that has one or ſeveralWheels . 


in it; and thoſe Wheels, Sheaves or Sheevers _ 


Experiment 2.) Hang the Weight P of s Pounds 


to the Piece A B, (Plate VI. Hg. 2.) in which 
three Sheaves turn freely round. Let one end 
of the Rope be faſten d to an Hook, and let the 
Rope go round thoſe three Sheaves, and three 
other fix d ones: one Pound fix d to the other 
end of the Rope will make an Æquilibrium. 


| Experiments 3, and 4.] The different Make of 


the Pulleys, or the different Way of joining the 


- Sheaves | 


: 
- 
- 7 
1 — 1 . Y 
g I I BR ... a 


ſort is not very convenient for mi 


a. Ale e linen Book k 
Sheaves: together, makes no Altera pay he Ja laſt 


and therefore Workmen make u Bos unequal 


Shedves,. Join d together in the manner. repre- 
ſented in Fig. 3. 91 the different Bigneſs of the 


_ Sheaves makes no Alteration. Oftentimes all 


AN 


177 


with. 1 0 Wheel 


the Sheaves moye round the fame Axis, as in the 
ath Fi . and ſo the Pullies lie in the leaſt toom. 


Na in both theſe Caſes the EXPFUNENtS: anſwer 


a before 
When the End of the Rope. which. in the fore- 
gin Experiments yas. fix'd, is join d to t 
eight, or to the moveable Wheels, then the 


Raris of the Power te the Weight is no longer 


25 1 to twice the Number of the Sbeaves join d 


to the Weight; but this double Number muſt be 


increaſed by 1; and then where two Sheaves are 


Join d to the Weight, the N ol be as 1 to 


5.; for there are uy. ſo m . ae 


"ial 2 inent 5. Ti if 6 ret . pullies 
n each, and each hiwipg its own 
particular Rope, be diſpoſed in the manner re- 
reſented in Plate VII. Fig. 1. the HIP of the 
ower will be very much increafed., for every 
Wheel doubles ir, and therefore it is "four times. 
greater with two Wheels, and ei times greater 
with three, and ſo on. 

The Rule above mention d. may, __ the 
Spaces gone thro by the Power and Weight, 
when they balance each other, are to one another 

mverſely as the Power to the Weight,). ed be * 
plied in all the Caſes above- mention d. 


Here we always ſuppoſe the Ro parallel . 
we ſhall hereafter 1 what dhe is made 
0 the enn of the . ; Ree 27 


” nar 


l 


r io. ou. 


even raiſed 
the only Ways of producing the ſaine Effect. Me- 
chanicks are not confined only to theſe Methods: 


— 


- : . 
4 3 4 


E 85 . Nateral nent ya 
W; the WEDGE _ l TY 
Fee whit bas bech aid, it beg ap 


how great a Weight may E ſalt ab ot or 
15 little Power; but thoſe are not 


the Aa oſs of Powers may be incfeaſed in all 
Caſes: A very good Inſtance of it appears in the 
Wedge, which is contrived for deins A 
and lte uf N in ſeveral other Caſes. + 


* DzrrntTION 1: 


= weise 14 Pri ſin of a ſmall Eiche . 8 


| is are PR Triangles, as A, Plate VI. R 6. 


Drrixr TOR II. 


The je Height the 1 75 the right of che 
Welge as db. 


{ 


i WI OM In. 
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The Baſe of the Triangle 2 5 call 4 the, Baſe 8 


of che d 48 e. 4H <1 


Sg ov 
Ya 


Dixi TIN IV. 


ertices of the Triangles; as hf. 


The Edge 0 of the Wedge 16 4 Riche 17 which 
joins the 2 
The Edge of the Wedge is 2 plied for cleaving 


Wood; and the Power is the Blow of a Hammer | 


Wood. 
When the whos Wedge i is driven in, the Space 


or Mallet, which drives the 9855 into the 


gone thro by means of the Blow or Blows,. is the 
Height of the Wedge, which therefore my — | 


look d upon as the Space gone thro' 
Ton and you Space which the Wool goes goes 
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Power is to th! 


Action is equal to it) the hal if Baſe of the 
Of Wedge is to Br Height. Ms 


4 Mathematical Elements Book I. 


thro” as it yields on each Side, is half the Baſe 
of the Wedge. Whence it follows, That - the 
Refiftance of the Wood ( when' its 


What is here faid” of Ve Reſiſtance. of the 


| Wood, may be applied to all the other Ukes of 


the Wedge. 

The two Wooden Rulers A A, AA; are kept 
up in a parallel and horizontal Situation by the 
Feet BB, BB. (Plate VI. Hg. 7. 

The Braſs Rulers CC, c C are fixed to them 


Fo the Inſide. 


Between them are aaa PR two Barrels, or 


Wooden Cylinders EE, which turn upon ſmall 
Steel Axes that come ont behind the Rulers, 


dy means of a ſmall Plate chat has a Hole thro” 
Which the Axis goes. The other Weight P 


have a ſmall Return at their Ends, or the Baſes 
are bigger than the Cylinders; each Return is 4 
little Convex on the Oarfide; that the Friction 
againſt the Rulers CC, CC, may be the leſs. In 
= Middle of each Ruler A A, there are two Pul- 
lies d, d, which almoſt rouch one another, and 
whole upper Part is even 7 Wiſh the Top. of. the 
Rulers CC. 
The Rope, ET in its Middle carries the 
Weight P, goes round the Pullies d, d, and each 
End of it is fixed to the Axis of one Cylinder E, 


Nope in the ſame manner upon ſuch another 


Therefore the Cylinders E E, muſt be cairigd 
8 one another in an horizontal Motion 


( 1 5 Axes remaining parallel) by the N eight 


P, if they are equal. 


| Help of the Screw 88 


Let there be a Wedge made of wo wooden 
Planes FF, which make any N at pleaſure by 


| Eeperimen 


Fg 


Experiment] The Cylinders BE. ate ſeparated 
you have an Equilibrium when the Weight M, 


4 


ſiſtance of the Wood; the Force with which the 


em Wedge is driven or drawn between the Cylinders, 

55 that is, the Weight of the Wedge, together with 

a1) tte Weight M, is here taken for a Blow with a 

5 Mallet; and ſo the foregoing Rule is reduced to 

ſes Experiment, and confirmed by it. 

a The Screw has a great Affinity with the Wedge. . 

wn It conſiſts of two Parts. I" print | 
N 1 - JNPINITION Mo .-. 

nd _ The firſt, which is called the Male Screw, Or 121 
he Outſide Screw, is 2 Cylinder cut in, in a Helical 


Forn, as AB (Plate VI. Fig. 8.) 
male 6 


he The ſecond, which is called the Fe 
ch or Infide Screw, and ſometimes the Nut, and is 


different according to the different Uſes of the 


in Machine of which it is made a Part, is 4 ſolid 
p Body that contains an hollow Cylinder, whoſe Con- 
ner cave Surface is cut. in the ſame manner as the Male 


ft the Cavity of the other; as DE. 
N. B. The prominent Helical Part is called the 
Thread of the Screw. 


on ther, when the Screw is applied to Uſe. It ſerves | 
by chiefly to. preſs together, ſuch Bodies as muſt be 


4, 


; pv . ; , 
Book I. f Natural 'biloſophy. 7Y 
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joined and firmly united; for in this Machine 
1 | „ ; 5 


by letting down the Wedge F F between them, 
which is drawn down by the Weight M, and 


together with the Weight of the Wedge, is to the 
Weights P, P, as the half Baſe of the Wedge to 


The Force with which the Cylinders are carried 2 
towards one another, and which muſt be over- 
come to ſeparate them, is here inſtead of the Re - 


Screw, ſo that the Prominent Part of the one may ; 


Theſe two Parts ate to move one within ano- 


46 Anke e Bock I. 
the ſmalleſt Power may produce a very great 
Preſſure. The Screw may alſo be ufed for raiſing 
Weights. In every Revolution of it, one Part 
remaining at reſt, the other is thruſt out as far as 
the Interval between two Threads. The Power 
whi ch moves the Screw is applied to an Handle 

or Hand Spike ; and then the Power, which aQts as 

Hy as the Reſiſtance, is to the Refiftance as 

the ſaid Diſtance berween two Threads to the Peri- 

bery of a Circle, run ihro by that Point f the 
"Handle" to) which tbe. Power" is applied; For the 

Way gone through by that Point or Plane where- F 

with the Reſiſtance is overcome, has the ſame HF 

V to che Way of the Power. l 

Fe Here 'we mu obſerve, that when the doe | 

balances the Weight in any Machine whatever, 

' Where no Friction is 7 that by increaſing | 
the Power ever ſo lirtle; it will over- balance 
the Weight. But when there is any - Friction 
that Friction muſt alſo be overcome by the Pow- 
er; and how, much muſt be added to it to pro- f 
+ duce that Effect, cannot be determined mathema- | 
tically. In the Machine laſt mentioned, this N 
Friction is very ſenſible, and alſo of ' great Uk; 
for by it the Machine is kept in its Poſition, and d 
cannot (either by the Action of the Bodies that | 
are preſſed, or 5 Gravity of Sue pnge re- F 
ceive a contrary otion, 0 as to _ MF al 
is Ts, git by | 158 


** 1 * 3 : | 
** W Fey AY 3. 4 t 


* 111 W. E have already ſhewn *, how a Machine 
+ 114 may be compounded of ſeveral Levers r, 
or Cyeral Wheels; and that in ſuch Machines the . 
Fluor i 1s 10 the Reſiſtance (when it counterba- 
1 


” 
4 
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ances it) in A Ratio:compounded of all the Ratis's, 

vhich the Powers in each ſimple Machine would have 

o the Reſiflanee, the were ſeparately upplie; 

This Rule alſo obtains in all other Machines. 

Not only fimple Machines of the fame Kind 

ay ny ME but one may compound a Ma- 
ſeveral other Machines in different man- 

Ber: This wil pes Eng bare TY two . err 6 

Res. £549), | 


Experian 14 Join. — running Ron of the 122 
ulliesito the Auel of the Wheel (PlareVI, Eg. 50 
and apply the Power to the Wheel: Now as in 
his 'Caſe, the Action of the Power becomes ſive 
times greater by help of theſe Pullies, and the 
Diameter of the Axis is but the third Part of the 
Diameter of the Wheel; the Ratio of the Power 
to the Weight is compounded of the Ratio's of 
ito*s, and 1 to + 33 it is therefore as 1 to 15; 115 
and therefore one Pound M ſuſtains the Weight P 1508 


| of 15 Pounds. 


The Axis in Perittochio may be moved by A 123 


Screw: For this purpoſe the Wheel muſt have 


Teeth; and thoſe Eee muſt ſtand askew, or 


de inelined, as you may Ke in the Wheel A 


Fig. 9.) which is carried round by the eek 


BC. Such a Screw is called an endleſs Screw, 


and very much increaſes the Action of the Power; 
for there are To many | Revolutions of the Screw, 
or of the Handle of it, required to turn the 
Wheel once about as the Wheel has Teeth. And 
if another Wheel with Teeth be added to the firſt, 
the Action of the Power will fill be much more 
7 . | 

Feperinen iment 2. 1 The Mathine of Plate VI; _ 9. 
onſiſts of an endleſs Screw, which is maved by 
be Handle DE. Here the + Ratio of the Powter 


ro 


of the laſt Wheel F, to the Length of the Handle 
DE, and the Ratio of the Revolutions of that 
Wheel to the Revolutions of the Handle or Screw. 


1 to 30; the ſecond is gathered from the Num- 


ſiwe times while the ſecond Wheel goes round 


* 223 


of x to 5400, which would be the Ratio of the 

but as it is pretty great in all theſe Engines, the 
-_ - miſe the Weight; tho ſtill a very ſmall Power ap- 

Handle ED may be twice or three times as long, 

or ſtill longer, which will double, or triple, or 

of the ſtrongeſt Man. 

may be made, whoſe Forces are in the ſame 


manner determined, by Computation, by the 


the Power with that gone through by the Weight, 
or any other Obſtacle; for their Ratio will be the 
Inverſe; Ratio of the Fower, and the Weight ot 


the Screw goes round ſo many times for one 


9 Tr CE 
* 


48 Mathematical Elements. Book I. 
to the Weight when. it balances it; is compound- 
ed of the Ratio of the Semidiameter of the Axis 


The firſt Ratio in this Machine is the Ratio of 
ber of Teeth ; the laſt Wheel F has in its Cir- 
cumference 35 Teeth, and the Axis of the firſt 
Wheel 7; therefore the firſt Wheel goes round 
once: But this firſt contains. 36 Teeth ; therefore 
Turn of the Wheel v. The Ratio compound- 
ed of theſe two is 1 to 180, which is the ſe- 
cond: Ratio ſought; and the Ratio made up of 
that and the firſt (which is 1 to 30) is the Ratio 
Power to the Weight, if there was no Friction; 
Power muſt be pretty much increaſed, to make it 
plied to it, will raiſe a prodigious Weight. The 
farther increaſe the Action of the Power: And in 
that Caſe, a ſmall Hair will overcome the Force 

A great Number of other Compound Machines 


Rule mentioned in the Beginning of this Chapter; 
or alſo by comparing the Way gone through by 
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no other reſpe&t, neither can we compenſate any 


confider'd. the Actions of Powers and Weights 


y falling: And here we muſt reaſon from Phz- 
omena, (as one muſt do in all Natural Philoſo- 


Sir Iſaac Newton has laid down Three, by which 


ay be n. on [2 nk 
jon uniformly in a Right Line, except ſo much as 
hey are forced to change that State by Forces impreſs d. 

We ſee that Bodies by their Nature are inactive 


Inleſs they be moved by ſome extrinſical Agent, 
hey muff neceſſarily remain for ever at reſt. 
A Body alſo being once in Motion, continues 
n Motion accord ing to the ſame Direction, in the 
ame Right Line, and with the ſame Velocity, 
s we fee by daily Experience; for we never 


dme Cauſe.” 


Moment 


* 


* 


The Forces which acting contrariwiſe balance 

one another, are always equal; if therefore the 
Intenſity of a Power be leſs than that of the Re- 
filtance, it muſt run thro' a greater Space in the 
ame time; and that muſt always be, in proportion 
15 its Intenſity is leſs; for the Forces can differ in 

ther way for the Difference of Intenſity. Shs BR. 
Of Sir Iſnac, Newton's Laws of Nature. 
N what we have ſaid of Machines, we have 
acting continually: againſt Obſtacles and other 


Neſiſtances; now we ſhall conſider Bodies left 
o themſelves and continuing in Motion, or free- 


phy ) and from them deduce the Laws of Nature. 


ve think that every thing chat relates to Motion 


All Bodies continue in their State of Reft, or Mo- 124 

nd incapable of moving themſelves; wherefore 

2 any Chang made in Motion, but from 
But 


fe.” (fince Motion is a continual _ 
hange of Place) how 2 Motion in the ſecond 


50 —Mutbematical Elements Book |, 
Moment of Time ſhould flow from the Motion 


in the firſt, and what ſhould -be the Cauſe of the 


Continuation of Motion, appears wholly un. 
known to me; but as it is 2 certain Phænomenon, 


we c maft look upon 1 it as a Law of ane 


L A W. II. 5 
3 5 The Change of Motion is alw ys Ss nd, ko 
\ the moving Force umpreſs'd, and is always made ac. 
cording 10 the Right Line in which that Force is 
| Vis. ed. 
f to a Body that is FU in | Motion, another 


( 
| 
Force be ſuperadded to move it in the ſame Di. 
rection, the Motiog becomes quicker, and that ini | 
* 58 Proportion to the new Force impreſs d.. f 
When a new Force impreſs d is contrary to the < 
Body s Motion, the Retardation follows the Pro-. 
portion of the Impreſſion ſo that a Force which t 

is double or triple, &c. produces a double or 
triple Retardation. And generally all Forces pro t 
duce Changes in Motion, according to their D !: 
rections and Quantities; other Actions of Force 1! 
would imply a Contradiction: This will appear u 
more clearly by ſuch Experiments made upon o tl 
lique Forces, as we ſhall mention in ſome of the e⸗ 
following Chaprers, | Q 


LA. W N th 

12 WP; ATi on is always equal, and contrary to Re. action ' 

that is, the Actions of two Bodies upon each other At 

are always equal, and in contrary Direflions. - 

Which way ſoever one Body acts upon anothet, 

. we ſee that Body always ſuffer an equal and conti 

y Re-attion. If I preſs a Stone with my Finge!, 

my Finger is equally preſs d by the Stone. 1 

Horſe that draws a Cart forward is as much draw! 

backward by the Cart; for the Geers or Trace 
are __ ſtrerch'd both en: = Wh 

4 IF ef 


% 
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jon When a Body ſtrikes againſt another, what- 
the ever .the Stroke be, both ſuffer: it equally ; but 
un the Impreſſions are contrary. This is clearly 


confirmed by the Experiments of the Congreſs of 


Bodies. oF 2 1 
The Loadſtone draws Iron, and is equally 
e Ba 


„ 


89 . 


ac. Experiment. ] Suſpend the Loadſtone | M, 
e u (Plate VII Hg. 2.) in ſuch manner that it may 


eaſily be moved; then bringing a Piece of Iron 


theilt within a ſmall Diſtance of it, the Loadſtone will 
Di. come to the Iron: And if you pull back the Iron 
it in before the Stone be come to it, the Stone will 


Stone and follows it, when the Iron is ſuſpended 


follow the Iron; juſt as the Iron goes, towards the 


and moveable, and the Loadſtone brought to 


hich the Iron. 3 8 7 
e or When a Man ſits in a Boat, and by a Rope pulls 
pro towards him another Boat, juſt as big and as much 
Di-. laden, both Boats will be equally moved and meet 
rc in the Middle of the Diſtance of the Places in 
ypearſiſl which they were at firſt. If one Boat be. greater 

1 ob. than the other, or more laden, the Velocities in 


each will be different, when they have different 


the Reſiſtance of the Water. "PIE 
ion And this Law takes place generally in all the 
other Actions of Bodies upon one another. 


c HA Pp. XVI. 


othet, 4% K. Te 

ont Of che Acceleration and Retardation of heavy 
- me 
Go 33 135 
draw! — _ Deerintrtos VIII. _ 
Trace N accelerated Motion is that Motion, whoſe 


KX Velocity becomes greater every Moment. 
be nnn oe 


Quantities of Matter; but the Quantities of Mo- 
tion on both Sides will be equal, abſtracting from 


127 
Dent. 
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128 A retarded Motion, z that whoſe Velocity is dl. 


* 79ter *: When a Body falls freely, the Impreſſion 
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niniſbed every Moment. 1 
The Force of Gravity acts continually upon all 
Bodies, in proportion to their Quantity of Mat- 


made upon it the. firſt Moment is not deſtroyed | 
in the ſecond Moment; therefere there is ſuper- 
added to it the Impreſſion made in the ſecond 

129 Moment, and ſo on. The Motion then of a Bod) 
dat falls freely, is accelerated, and that equally in 
equal Times ; becauſe the Force of Gravity acts 


Hh 2 0 2  GLYLLT > =O mw 


* every Moment in the ſame manner, and rhere- Wl - 
fore communicates an equal Velocity to Bodies in 
equal Times. Whence that Celerity, which is ac- ; 

130 quired in the Fall, is always as the Time in which 
' the Body has fallen. For Example: The Velocity f 


acquired in a certain Time will be double, if the 
Time be double ; and triple, if the Time be 
: 8 
Let that Time be expreſſed by the Line AB 
(Plate VII. Fg. 3.) and let the Beginning of the 
Time be A. In the Triangle A B E, the Lines 
1½ 2, 3 b, which being parallel to the Baſe, 
are drawn through the Points, 1, 2, 3, are to 
one another as their Diſtances from A, A 1, A 2, 
605 3 that is, as the Times which are expreſſed 

y rhoſe Diſtances; and expreſs the Velocities 

of a Body falling freely after thoſe Times: If 
inſtead of Mathematical Lines, others be taken 
with a very ſmall Breadth equal to each of them, 
the Proportion will not be changed thereby; 
and thoſe ſmall Surfaces will in the fame manner ¶ t 
denote the aboveſaid Velocities. In the leaſt M p 
Time the Velocity may be looked upon as equa- t 
dle, and therefore the Space gone through in 
* 53 that Time is proportiona ble co the Velocity. 8 a 
1 8 . 8 5 eac 5 


* 
\ 


Book I. of Natural Philoſophy.: 5 3 
each of thoſe: ſmall: Surfaces above-mentioned, if 
the Breadth of the Surface be called the Time, 
the Surface it ſelf will be the Space gone thro?. 
The whole Time A B confiſts of thoſe very ſmall 
Times; and the Area of the Triangle A B E, 
of the Sum of all thoſe very little "Surk faces an- 
ſwering to thoſe ſmall Parts of Times: Therefore 
that Area expreſſes the Space gone through in the 
Time A B. After the ſame manner the * 
of the Triangle A 1 repreſents che Space 
thro in the Time A 1; thoſe Triangles ate — 
lar, and their Areas are to one another as the 
Squares of the Sides A B, A 1: That is, tbe Spa- 
ces gone through from the Beginning f the Fall, 1371 
are to one another-as the $ auen of- the Times du- 
ring which the Bady fell. 

This is confirmed, by Experiments made on the : 
following Machine. | 
The, Balance A B Plate VII. ey which 132 
has but one Scale, is exactly im Æquilibio; when 
a Weight is put into the Scale, an Iron made in 
the Form of a Gnomon, keeps ſaſt the Brachium 

b and the ane 15 retained 1 in a horizontal. Por 
tion. 

At F there is a thin Spring y a 8 "bined. to the 
Gnoman, and which when extended reaches to z, 7% 
where the End g is getained by help, 2 the little 
Plate i, which is: made faſt. to the Brachium A. 
Now by this means the leaſt Motion of the 
Balance becomes ſenſible; becauſt then the Spring by 
72 bein free, flies ty and returns be Fl N 5 

"Rk 5 Wh 1 

At the End of the BrachiumB, glare: is Hole, 
thro which the String Laltened $9. the Hook B 
paſſes freely, that String is 5 — in a vertical * 
tuation by hanging on. the Weight N. A's 

The Weight M has a Hole thro it for the 
aboxe-mentioned . to maſk freely, thro! 1 in 


making 
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making Experiments, the Weight M is raiſed up | 
along the String, and when you let it go, it falls 
upon the ſame Point of the Brachium . 
"Experiment. Put the one Pound Weight P into 
the Scale; then the Body M, falling from the 
Height of three Inches, will move the Balance. 
When P is a two Pound Weight, let M fall from 
twelve Inches, and the Balance will be moved. 
If you lay on three Pounds in the Scale, the Body 
M muſt be let fall from a Height of 27 Inches, 
to move the Balance and raiſe P. And in all theſe 
Caſes, if the Height from which M falls be taken 
but a little leſs, the Balance with the Weight in 
the Scale will notbe moved ISS 
In this Experiment, the Weight which is laid 
upon the Scale, and raiſed by the Blow of the 
falling Body, is proportionable to the Stroke; the 
Quantity of Motion in the Body follows the Pro- 
portion of the Stroke: And that Quantity (be- 
119 , cauſe we make uſe-bf the ſame Body) is propor- 
— 11 + 6; tionable to the Celerity *; and laſtly, the Celeri- 
| = 13oty here is proportioned to the Time of the Fall *: 
Therefore the Weights above-mentioned follow 
the ſame Proportion of the Time. The Weights 
here are as the natural Numbers 4, 2, 3, and 
rherefore the Times are in that Proportion : But 
the Spaces gone thro in thoſe Times are as 3, 
12, 27, or as 1, 4, 9, which Numbers are the 


” 


Squares of 'the drs. 55 

133 Having divided the Time AB (Plate VII. Ng. 30 
into the equal Parts A- 1, 1 2, 2 3; 3 B, thro the 
Divifions draw Lines parallel to the Baſe; the 
Spaces gone tbro in thoſe Parts of Time, that is, 

in the firſt, ſecond, and third Moment, &c. ſuppo- 

ing the Moments equal, are to one another as the 
Areas A 17, 1 4 2, gt 3, 3 h EB; which 
Areas, as appears 5 Figure, are to one ano- 
the as the add N. 4 15 1 8 aa? If 


* 


ook I. of Natural Philoſophy." 3 


If the Body, after it has fallen during the Time 

\ B, ſhould be no more accelerated, but with the ' 
elerity B E, acquired by that Fall. ſhould uni- 
ormly continue its Motion during the equal Time 
3 C, the Space gone thro' by that Motion is ex- 


de. reſsd by the Area B E D C. which is double the f 

m {Wriangle: A BE. And therefore, . : 
d. 4 Body falling freely from any Heiobr with that Ve: 134 
dy ci which it bas acquired by that Full, will inn 
es, ine equal to the Time of the Full (by an equable 
fe Motion) run thro a Space double the faid iow. 


Which Propolition we [hall alſo confirm by an 


en 
in Experiment“ nn 
-» WH The Motion of 2 Body dw EVR. is 
id etarded in the ſame manner, as the Motion of 


he ny Body is accelerated by the ſecond - 
he *: In this Caſe the Force of Gravity con- . 
o- —ç with the Motion acquired; and in that it 
be- s contrary to it. But as the Force of Gravity 


or- 
ri- is equally diminiſhed. or retarded in equal Times. 
*: The fame Force of Gravity generates Motion 
ow In the falling Body, and deſtroys it in the ning: 


Body; therefore the ſame Forces are 
nd deſtroyed in equal Times. A Body — 


zut Wiſes till it has loſt all its Motion; 4 ſo goes wp 136 
3, Nring the ſame Time, that a ly falling could 
he eve acquired a Velacity equal 0 8 2 


ch the Body is thrown up. 


| 151 
3) If 2 Body be thrown up with the fame Vac: 3 
the Nocity that it would 8 in falling down 

the he Line BC (Pute VII. Fig. 5.) it would 

is, ſcend in a Time equal to the Time of the 


Al *, (and with an equable Motion) ſo as to 136 
ome up the Height C A the double of B CV bury 134 
s in the ſame Time by the Force of Gravity, te 


Body goes thro 2 Space equal to che Space A B. 
1 BG: 28 theſe two Motions obtain * : 


: E 4 


equal every Moment, the Motion of a Body thrown - 135 * 


1 
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making Experiments, the Weight M is raiſed u i | 
along the String, and when 4. u let it go, it fal 879 
upon the ſame Point of the 


the Scale; then the Body M, falling from the 
Height of three Inches, will move the Balance. 


twelve Inches, and the Balance will be moved. 
M muſt be let fall from a Height of 27 Inches, 


but a little leſs, the Balance with the Weight in 
the Scale will not be moved. ä 


portion of the Stroke: And that Quantity (be- 


* 6; tionable to the Celerity *; and laſtly, the Celeri- 
5 135 ty here is proportioned to the Time of the Fall *: 


fing the Moments equal, are 10 one another as the 
Areas A 17, 1 Js 2, 2gb3, 3b EB; which 


” 
. < 
5 c 
4 
pF 
N * 
* 


rachium B. 
eriment.] Put the one Pound Weight P into 


When P is a two Pound Weight, let M fall from 


If you lay on three Pounds in the Scale, the Body 


to move the Balance and raiſe P. And in all theſe 
Caſes, if the Height from which M falls be taken 


In this Experiment, the Weicht which is laid 
upon the Scale, and raiſed by the Blow of the 
falling Body, is proportionable to the Stroke; the 
Quantity of Motion in the Body follows the Pro- 


cauſe we make uſe-bf the ſame Body) is propor- 


Therefore the Weights above-mentioned follow 
the ſame Proportion of the Time. The Weights 
here are as the natural Numbers 1, 2, 3, and 
therefore the Times are in that Proportion But 
the Spaces gone thro' in thoſe Times are as 3, 
12, 27, Or as 1, 4, 9, which Numbers are whe 
Squares of the others. 

ring divided the Time x B (Plate VII. # Fig'3 3.) 
into the equal Parts A+1; 1 2, 2 3; 3 B, thro the 
Diviſions draw Lines arallel to the Baſe ; tbe 

Spaces gone thro in thoſe Parts of Time, that is, 
in hs ſt, ſecond, and third Moment, &c. ſuppo- 


Areas, as appears the Figure, are ro one ano- 
the as the aN Number 1 55 5. * ww 


* 


— 
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tit the Body, after it has fallen during the Time 
3B, ſhould be no more accelerated, but with the 


1 elerity B E, acquired by that Fall, ſhould uni- 
to Mormly continue its Motion during the equal Time _ 
the C, the Space gone thro' by that Motion is ex- 


riangle AB E. And therefore 


A Body fa ling freelyfr OM any Height with Fl h at Ve. 1 34 1 
city which it has acquired by that Fall, will ina 


es, Ine equal to the Time of the Full (by an equable 
eſe Motion) run thro à Space double the ſaid Height. 
cen Which Propoſition we ſhall al ſo confirm by an 
in xperiment.* e e 1 Pe AS SIR * AY X 211 
The Motion of a Body thrown upwards is 


etarded in the ſame manner, as the Motion of 
falling Body is accelerated by the ſecond 
aw *: In this Caſe the Force of Gravity con- 12g, __ 


ro- pires with the Motion acquired; and in that iii 
be- s contrary to it. But as the Force of Gravity « © 
or- equal every Moment, the Motion of a Body thrown + 133 

eri- h is equally diminiſhed: or retarded in equal Times, 

: The ſame Force of Gravity generates Motion 

ow In the falling Body, and deſtroys it in the riſing 


Body; therefore the ſame Forces are generated; \ 0 - 
nd deſtroyed in _ Times. A Body thrown up 


Bur Miſes till it has loſt all its Motion; and ſo goes wp 136 
3, Ning the ſame Time, that a Body falling could 
the Neve acquired a Velocity equal to the Velocity with. 

hs hich the Body is thrown ut. 
2 If a Body be thrown up with the ſame Ve- 
the 


ocity that it would 8 falling down 
i, VI « 


the he Line BC; (Plate Fig. 5.) it would 8 
1 i lend in 4 Tine equal to the Time of the 


Al *, (and with an equable Motion) ſo as tor 136 
ome up the Height C A the double of B CV butt 134 
s in the ſame Time by the Force of Gravity, the 

oc y goes thro a Space | equal to the Space A B, 4 

r BC: 28 theſe eee Hei here — 
"_ 5 | 4 | | ttb Oh 


if 
F: 
\ 


the ſame time, and 205 contrariwiſe, the leſſer 

* muſt. be ſu bſtracted rom the greater; therefbre 
the Body, after the end of the 10 will be 

137 at B. Whence it follows, that a Bad 4 throws up 
Toll riſe. to the Same Height from whic Fallin 1 at 
138 would acquire the Velocity with which it is thrown up. 
And therefore, the- Heights, which Bodies throton 
| Ao up tvith d. ifferent Felocities cam riſe to, are 10 axe 
125 4 ain as . Squares of theſe Vlad. thin 


HA F. NV Boro ho 


. the ge, of beavy Bodies en , 
4 81 N Planes. & 10 
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4 


2 24 


. 


21 1 + fe; 7 Þ 0 T 


b. $a Duriurrox 1. won gk 
T E call un inclined Plane, ho which makes 
+ an oblique Angle with the Horigon. 
0 B in Plate VII. Fig. 6. repreſent” a Line 
- 7 petallel te che Horizon; A B makes with it the 
oblique Angle ABC, and repfeſents an indlined 
Plane; and the Perpendicular A C is let fall 
from A, the" wn ws Part of” the Plane, to the Ho- 
rien. 2 4 ITY 4:14 x 10 
he Wes TIA Dsr1n1vrow I. 61 lebt. . 
The Leeb AB ts callkd, the Length of the t 
e. ICY Ge NAA. man NT ** wh. t 
TT EIT TILA Dorixirion III. [ 
141 The Lin A C, is called the Height of ae Pom ˖ 
, 2117 47 Y: GY IWOTCE 90 VEDG 6 
Leg two equal Bodies deſtend- by the Loropief 1 
Gravity from the Point A; the one along the iM ' 
Line A B, and the other Senger Line AC; 
5 : when'they are come to the Points B and C, they 
- : have deſcended®equally; that is, rhey will be got 
each equally near2x6 the Earth's: Center: -There- 
fore the Forces with which they” are impelted; as 
* are directed —_— *he Farths Center 
are 


363 — — | on fie 7 


bhupuyj ＋ aA 


37 


upon an inclined. Plane, loſes Part of its Gravity; 142 
HAT? 


The Plane NO QL (Plaue vll. Fig. 7.)4s placed 142 


jel Steel, and whoſe Baſes: ſomewhat exceed the 

Fall Cylinder; ſo that as it turns round along the 

Jo- Plane AB LH, the Baſes; only touch the Plane 
50 The Cylinder is ſuſtained by a String that 
+ goes over the Pulley G; which String is fixed 
the to a thin Braſs Ruler, bent in ſuch manner, that * 50 
8 the Axes of the Cylinder go thro' its Ends, and 
„turn in hem % F bo eee 

ne. In making Experiments, the Pulley is ſo plac d, 
I by the inclining the Ruler E F, and moving the 
of Head D along the Slit 53 that the String by 

the which the Cylinder is ſuſtained, is parallel to the 

Oz inclined Plane A B 1H. , 45 4 oo SOUP cf i 
got Experiment 1.) Let the Plane A BI H be in- 
e.: dclined in any manner, the Weight of the Bod 
as M has the ame Ratio to the Weight P, as the 
er, Length of the Plane A B to its Height) A C; lk 


* 


4 


„ nnn 


hom 2 . £ i 9 - 
N oe ps ke as . 3 - . 
; : 
J RET | 
E * 
o 
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8 Mathematical Elements Book I. 
= the Body M., in what Part ſbever of the inclined 
Plane it be ſet, will be ſuſtained upon ir by the 
—. ĩ v hte ie ox ernds 
As the Force by which a Body is made to de- 
ſcend along an inclined Plane ariſes from Gravity, 
it is of the ſame Nature with it; and there- 
fore that Force every Moment, and in all Parts 
238 of the Plane is equal “: For the fame Reaſon, 
1344 rhe Motion of 4 Body freely running down upon an 
| inclined Plane, is of the fame Nature with the 
Motion of a Body freely falling; and what has 
been ſaid of the one, may alſo- be affirmed of the 
bother. It z5 therefore a: Motion equably accelera- 
* 1297ed in equal Times; * and therefore the Propoſitions 
of Numb. 130, 131, 133, 134, 135, 136, 137, 
aalnd 138, may be here applied, if we ſuppoſe a a 
145 Motion upon an inclined Plane, inſtead of a direct 
5 t ¶ 
The Forces by which two. Bodies deſcend, one of 
which falls freely, and the other runs down:an incli- 
ned Plane, if the ſaid Bodies begin to fall at the 
ame Time, are always to one another in the ſame 
* 12, Ratio as in the Beginning of the Fall* , therefore 
144 the Effect of thoſe Forces, that is, the Spares gone 
thro in the ſame time, are in the ſame Ratio name- 
142 ly, that of the Length of. the Plane to its Height *.. 
I.n the Plane AB (Plate VII. Fig. 8.) the Space 
one through by a Body whilſt another falls free- 
55 down the Height of the Plane A C, is deter- 
mined” by drawing C G perpendicular to A B: 
for then the Length of the Plane A B is to its 
Height AC, as AC to AG. If a Circle be deſcribed 
with the Diameter A C, the Point G will be in 
the Periphery of the Circle; becauſe an Angle in 
2 Semicircle, as A GC, is always a Right Angle; 
and therefore a Point taken, as G, in any Inclina- 
tion ef the Plane, will always be in the Periphery 
of the aid. Circle: Whence it * 
12 I. Oras 
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eely would run down the Diameter A C; and 


ay be drawn parallel to it, (that is, equally in- 


AH C, whether a Body falls freely along the Di- 
meter A C, or ꝛobether it falls down along any 


owe Point of the Semicircle. 


A B may be compared with the Time of the De- 
ſo the Squares of thoſe Times are to one another, 


and AC are to one another as AB to AG; and 
therefore zhoſe Lines AB and AC are to one ano- 
ther, as the Times of the Fall along, AB and AG, 
or AC; that is, the Times in that Caſe are as the 
Spacer mgfgůgmggaga In Ot an frat 

In the ſame Caſe the Velocities at the End of the 
Deſcent are equal; for after equal Times, when 


that is, as the Forces by which the Bodies 


ock I. ef Natural Philoſophy.” 39 
hords, as AG, are gone thro by Bodies running 
Nong them, in the Time that a Body falling 


lined) and equal; therefore in a Semicircle, as 


the Bod ies are at G and: C, the Velocities are in 
the ſame Ratio as in the Beginning of the Fall *, * 129 


cy * 4 Fn 
"OE? 1 * EV 9 + 4 * 
8 9 * e * T FH 
. "Es : 


herefore the Times of the Falls thro thoſe Chords A 
Ire equal. Thro' the Point C there can be drawn 
o Chord, as HC, but what a Chord, as Ag, 


147 


d, as H Be it will in the ſame Time come to the | 
The Time of the Fall along the whole' Plane | 


ſcent along the Height A C; which for that Time 
is equal to the Time of the Fall along A G; and 


as AB to AG?. But AB is to A C, as A C. ,,, *' 
to AG: therefore the Squares of the Lines A B 1 


131 


148 


2 
9 


149 


144 


are impell d, or as AC to AB. When the 42 


Body deſcends from G to B, the Velocity incteaſes 


as the Time; and the Velocity at G is to the Ve- 


I Fa 


locity at B, as AC: to; A *: therefore the 148 | 


Velocities at B and C have the [Tame Ratio to 


the Velocity at G, and ſo ate equal. Hence it 


appears, that a Body acquires the ſame Velocity, 
in falling from a DG Height, = 


=D: 
x hether it falls : 
directly down, or along an inclined Plane; and __ 


0 a — may 


* 
— 


Book |; 
le of / Inclination cauſes no Alteration 

run down. ſeveral Planes di ifferently in 
clined; "und even along 6 Curve, (which may be 
conſider d as made up of an innumerable Num. 
5 der of Planes differently e and the Celer:- 
iy acquired will always de: the 1 alen 5 the 


Hiebe 75 ua. 0 


5 © Experiment 2] In this Experiment it is to he 
| ablerwd; that a Body hanging by a Thread, and 
deſcribing a Curve 4 its Fall, | Halls in the ſame 
manner as if it was to run down ſuch a Curve cut 
Hollow in a ſolid Body without any Friction. 
Loet the Body P, (Plate VII. Fig. 9.) ſuſpend 
f 1 2 Thread, ali from the Height A C, in the 
Curve BC, and in the Curve D C, and in the 
Curve EF 60. made up of Parts of different 


. eden Einen, 


Qrcles, and in each Caſe it will, with the fame 


. Ee Le TS CS 
——_— — : * — 
—U —́Amẽỹ D—_ — — — — 
—— — — — 
SS — 


Force, ſtrike againſt the Body . Which is at 
POT ; and always drives it to the ſame Height. 
I Bady rhat has acquired any Celertty. in falling 
" down along any Surface, whether Plane or Curve, wil 
rife up. tothe ſame Height along another 2 2 Sur. 
Ears with the ſame Velocity, in the ſane Tims. 
A 2 i mühen he me e e 5 it wy 


* - ws SF any; —.— BC: "with — | 
lerity which it has thereby acquired, it will aſcend | 
to the fame Height on the other is iy Loy - 
bre r or mg e GT. 7 
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te Baby, handing 2 e 4 153. 
* te Bb with the Thread about the Point 0 
which 'the Thread is fox” d, is call da Tenduam. 8 


be Motion of a Penduluy i an e; 
or vibratory Motion. When the Wel the 
Thread being extended, is raiſed upon one Side 5 
it deſcends by its Gravity, and with the Cele. 
rity that it has acquired, mids up to the ſame 
Height on the other ſide; * and then it returns * 151 
by its Gravity, and ſo continues its Vibrations. 
We here ſuppoſe the Motion about the Point 
of Suſpenſion to be perfectly free, and that there 
is no. Reſiſtance of Air, which is very ſmall 15 
great noni 1 | 
The Body P (Plate vill Fi. 2) 1668, its 154 
Motion, dclttide the Arc PBF; if inſtead of | 
that Motion, 4 Body ſhould deſcend alons "ae 1X 
Chord PB, and again aſcend along the Chord 
BF, and Ty ſhould perform its Vibration in Chords 5 
the Deſcent tp be made in that Time in 
which the Body by its Fall would go thro' the 
Length of the Diameter AB; * that is, twice“ 147 
the Length of the Pendulum: in an equal Time, 
it aſcends along the Chord BE; * therefore in 151 
the time of one whole Vibration, the Body in falling 
mght run thro' four Diameters; * that is, exgÞt * x35 
times the Length of the Pendulum. And as the Dee. 
ſcent and Aſcent in any Chord is perform d in 
the fame Time, all the Vibrations in, Chords, 
whether great or ſmall, are likewiſe perform a 


in the fame Time, In imall V ibrations, 2s 
arcs 


0 


T7 equal Pendulums CP and cp, are 
the Points P and p in the fame Moment of Time, 


| a -- Mathematical Elements Book 1 
Arcs of a Circle do not ſenſibly differ from the 


155 Chords; and the Vibrations of. the ſame Pendulum, 


tho unequal, are perform d in the ſame Time; at 


ay * 


Experiment 1. Plate VIII. Fe. 4] If Peay 
et om 


they will at the ſame Time come to B and 5, 
and then to F and F; and fo they will continue 
their Motion in the Arcs PB F and pb, always 


nu che fme Tine. 


lere it is to be obſerv'd, that tho the Propo- 
ſition 155 be true in all Pendulums, the Demon. 
ſtration given is only to be applied to ſhort Pen- 


dulums; in the longer. ſort the Time of the De- 


ſcent along a Chord differs ſenſibly enough from 
its Deſcent along an Arc; but in ſinall Arcs the 
Differences are equal, tho the Chords be of dif: 
' ferent Lengths. = 


Let the Circle FB (Plate VIII. Fig. 30) roll 


TY along the Line A D, till the Point B comes to A 


in the ſame Line; by ſuch a Motion the Point B 

_ deſcribes a Portion of the Curve BP A. Such 
another Curve BD, may be deſcribed in the 
ſame manner, and the whole Curve AB D is 


call's a Cycloid. Let it be divided into two 


2 Parts at B, and let the Parts BA and BD 
be ſo diſpoſed as to have the Points A and D 
fall in together at C; and let the Point B coin- 


cide with the Points A and D in the Line AD. 


Let two Plates of Metal be bent according to 
theſe Curves, ſo that the Thread of a Pendulum 
Tuſpended at C, may on either fide apply it ſelf 
to thoſe Plates, and fall in with their Curves as 
the Pendulum vibrates. Now if the Length of 
the Pendulum be CB, the Body P in its. Vibra- 
tions will deſcribe the Cycloid ABD. , 
1 18 4 t 

2 


wp be wuceg . 282 8 22 Pw 


1 ee e 0e e. 


* 
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the It is a Property of this Curve, that in what- 156 © 

un, ever Point of it the Body P be placed, the Force \ av 

with which it is carried by its Weight along the, : © 

Curve, is proportional to the part of the Curve . 
which is between that Point and the loweſt 

wo BW Point of the Curve B. Whence it follows, that 

om if two Pendulums as, C be let fall in the ame 

me Moment from different Heights, the Velocities, - 

„ with which they begin to fall, are to one ano- |, 

nue MW ther, as the Spaces to be run thro' before they 

ays come to B: If thereiore-they ſhould be acted up- 

on by thoſe Forces alone with a Motion not ac- 

po- celerated, they would come to B at the ſame 

on- M Moment of Time ; after the ſame manner by 53 

en- the Forces which are acquired, the ſecond Mo- 

De- ment, they alſo come to Bat the ſame Time: 

om the ſame may be ſaid in relation to the following 

the Moments; and the half Vibrations made up f 

lif- all the Forces together, however unequal theß 
are, as alſo the whole Vibrations, are performed 

ol in the ane Time af ä 

A It is moreover demonſtrated by Geometri- 177 

t B cians, that the Time: each Vibration is to the 

ch Time M a vertical Fall, along the hal Leib f 

the 4 Pendulum, as the Periphery of a Gircle to hs 8 

Diameter. In this Curve the lower Part coin. | 

wo cides with a ſmall Arc of a Circle, as to Senſe: 

D I and this is the true Reaſon, why in a Circle the 

D I Times of ſmall Vibrations (however unequal 

in- thoſe Vibrations be) are equal; and therefore 

D alſo the Duration of thoſe Vibrations has the 

to above - mentioned Ratio to the Time of a verti- 

um W cal Fall. The Durations of the Vibrations of un- 158 

elt WW equa! Pendulum may be compared together. 

as When the Arcs are fimilar, the Deviations in 

of reſpect of the Chords are alſo ſimilar, and the 

[a- Times of the Vibrations in the Arcs are as the 
Times of the Vibrations along the Chords; but 

It . 4 | > | | 7 they 
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| Book 1 
= IT ey are as toe Times Þ the es along 

ue eight times Prester than ine Lengths of 
| 
| 
| 


—:. * 154 Pen ulums; and ſo the Squires of the Durations 
iz are as thoſe ei \ghtfold oye rag M * "08 4s rb 1 aw 
8 "the Pendulums. 


5 Berik: 1 


» 
4 ; 
, 
AX” 
* I 


Two. Panama I 'E ws 
| (Plats VIII. Eg. 5.) whoſe Lengths are a5 4 to t, 
are let fall at the ſame time from the Points P 
and 5p, ſo that, in their Vibrations they deſcribe 
ſimilar Arcs ; the longer Pendulum vibrates once, 
whilſt the ſhorter 'vibrates twice; and {6 the 
Squares of the Duritions of the Vibrations ar 
as 4 to.1x, namely, a” the” Lengths of the: Pen 

- 4dlunbss 25 5 155 
- When! the Vibrations: 110 ſmall, this Ratio 4 
| i holds, tho' the Pendulams ſhould not Vibtate 

* 135 in fimilar Arcs. * 


159 The Velocities of Prise in the Howe Point, 2 © 

hen the Vibrations are unequal, are to one another dun 

| as the Subtenſes of thoſe Arcs, which the Body 47. © 

Frribes in its De 1 So the Velocity of the ” Bo Tl 

5 dy P, (Plate VIII. Fg. 2.) falling in the Arc PB, lu! 

is to its Velocity when it falls along D B, as the {ſend 

Chord PB to the Chord D B: for if you draw Moin 

in a Circle the Lines PF, Dd parallel 10 me Ho- e £ 

tizon, the Squares of the ſald Chords are to one Nulu 

it another as the Lines FB! 4B; The Squares of the In 

i aid Velocities are alfo as thoſe Lines B, 4B; it, 

N * 15 therefore the Velocities are as the Chords. S 

it 131 Concerning all that has hitherto been ſaid of 


| 6. Pendulums, it is to be obſerv'd, that it is no 
160 Matter how big the Weight of the Pendulum is, 
or whether the Weights of two Pendulums be 


different in Magnitude or different Sorts of Bo- IM © 
dies; fince Gravity is proportionable to the W 


Quantity of Matter in all Bodies, all Bodies in 


the ſame Circumſtances are moved by it 


ts ith the ſame. Velocity. Which is alſo confirm'd 
of {Wy the following Experiment. „ 
he Experiment 3.) Take two equal or unequal 


halls, the one of Lead, and the other of Ivory, 
ang them up by Threads, that they may make 
Pendula of equal Lengths; let them vibrate, and 
heir equal Vibrations, (or- even all their unequal 


nes, provided they be ſmall Vibrations) are per- 
N Worm d in the ame Time... 5; 
os WM Oftentimes inſtead of a Thread, a ſmall, but 
he 


if Iron Rod is made uſe of, and ſometimes al- 
D two or more Weights are fix'd to it, and it is 
alled a Compound Pendulum; in that Caſe the 
zules abovementioned are not applicable; but 


etermining in them ſuch a Point, that if all the 
Veights were united in it, the Vibrations would 
> of the ſame Duration as thoſe of the com- 
ound Pendulum. This Point is called the Center 
O a 5 „ 
The Center of Percuſſian in a compound Pen- 


endulum is as it were collected; ſo that if that 
oint ſtrikes againſt an Obſtacle, the Blow will 


ulum ſhould ſtrike againſt it. 


lt, theſe two Centers coincide. They alſo co- 
cide in the Air as to Senſe, by reaſon of the 


of {Wall Reſiſtante. rag 
no A Body of any Figure may be ſuſpended, and 
is, brate about a Point, or rather an Axis; and in 

be Ich a Body one may alſo determine the Center 


F Oſeillation. 


ates about one end, the Center of Oſcillation is 
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ulum is a Point in which the whole Force of the 


In a Vacuum, or a Medium that does not re- 


When a Right Line, ſuch as is an Iron Wire, ui. 


diſtant © 


hoſe Pendulums are reduced to ſimple ones, by 


162 


e greater than if any other Point of the Pen- 


163 
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diſtant from the Point of Suſpenſion two third 
Parts of the Length of the Wire. © © 


ſiuffered to deſcend at the ſame Time as the Iron; 
will be perform'd at the ſame Time. 
"7 3Þ3 
in Clocks, to which an equable Motion is com 
has appeard that the Force of Gravity is not 


equal in all Parts of the Earth, becauſe the Vi. 
brations of the ſame Pendulum, in divers Coun 


1 64 Let there be too Pendulums, | whoſe Lengths art 


wy ; 


Experiment 4.) The flat Iron AB (Plate VII. 
Fg. 6.) muſt be ſo hung up, as to vibrate about 
the End A; ler the fimple Pendulum CP, whoſe 
Length is equal to two third Parts of A B, bf 


and the Vibrations of the Pendulum and the Iror 

The Vibrations of Pendulums, as we have fail, 
tho* unequal, are perform'd in the ſame Time, 
and this Property of Pendulums is of great uſ: 


municated by fixing on a Pendulum. 
By cartying Clocks to different Places, i 


tries have been found unequal in reſpect to Time 
and that difference of Gravity is meaſured by 
Fenumms, , 


to one another, as the Forces of Gravity by which 
they are aftuaied ; if they run out into fimilat 
Arcs, in correſpondent Points, the Forces will al 
ways have rhe ſame Ratio to one another ; and 
indeed the Ratio of the Spaces to 'be gone thro, 
(becauſe ſimilar Arcs are as the Lengrhs of Pen 
dulums) which therefore will be run thro? in equi 


53 Times, * that is, be Vibrations will be perform 


Square of the Time of the Vibration of the Per 


n line. 

If they be reduced to the ſame Length by 
changing one Pendulum, the Square of the Time 
of the Vibration of the Pendulum that ! 
changed, is to the Square of the Time of the 
Vibration before the Change (that is, to. the 


- + | dulum 


Plate 6 7 e, 
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dulum that is not changed) as the Length of the .. 
Pendulum after; the Change to its firſt Length; ** 158 
which Lengths are to one another, as the Force 

of Gravity in the Pendulum that is not changed; 
to the Force of Gravity in the Pendulum that is 
changed. And therefore the Squares of the Times 


another, inverſely, as the Forces of Gravity with 
which the Pendula are ated upon e which there- + 
fore are to one another, directly, as the Squares 

F the Vibrations perform d in the ſame Time. 
But whence this Difference of Gravity ariſes, . 
ſhall be explain d hereafter, when we ſpeak 3 
he Figure of the Earth. 7 


* 


„„ 8 
1 f Percuſſion, and the Communication of ; 


| Very Body that is at Reſt, and hinder d by _ 
no Obſtacle, may be puſh'd forward by 

any other Body in Motion; and when once it is 

put in Motion, it will continue in it, till it is 


omerimes a Stroke of another Body againſt it, 

Ir a Stroke which it ſelf gives another Body; or 

ltly a Stroke of both meeting. : 

The Laws to be obſerved in that Percuſſion, are 

ere to be explained, : ; 

All Bodies here taken notice of, are ſuppoſed 

pberical; becauſe the Laws of Motion ought to 

e examin'd. in the moſt fimple Caſe. © 2 
eres L „„ 

A Body is ſaid to impinge directly againſt ano- 

ber, or two Bodies to ſtrike or impinge againſt 
another, when the Direction of he Motion, or 

tions, if both are moved) goes thro the Cen- 

irs of both Bodies, : F DEri- | 


of the Vibrations in equal Pendulums are to one 165 


inder d by ſome external Cauſe. “ That Cauſe is 124 
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„ Drrixvir fox II. ee ee 
Ĩ1 all other Ofes the Stroke is ſaid to be ob is 
167 lique. When elaſtic Bodies impinge againſt or M 
another, the Parts that are ftruck yield inwards Ml m 


and by the Reſtitution of the Parts, the Bodieſ f for 
© repel one another, and ate ſeparated from one fac 


another. 


168 ' In Bodies that are perfectly ſoft, or perfel 
Hard, thete is no A 10 d teri } Th 
4 direct Siroke they are not ſeparated after i of 
169 Blow, becatiſe after their meeting, as well as be Th 
fore, they are moved in the ſame Line; for n 01: 
thing happens that can change the Direction. 0 

I ſhall. in this Chapter ſpeak of the Percuſhon 
of Bodies that are not Elaſtic, and here, as alſo Tat 
in the whole following Chapter, I ſhall ſpeak ol t 
direct Percuſſion ; and confirm the whole by Ex Big 
- periments made with the following Machine. ſta 
150 ABC is à vertical Plane of Wood almoſt tf. I litt 
angular, about 4 Foot and a half high, and 3 Fo tha 
wide at the Bottom. Plate IX. Det dif 


In the upper Part there is aSlit r quite thro it ¶ tho 
which is horizontal, along which two ſquare Pin ob 
(and ſometimes more) are moved; theſe Pins be . 
ving a Shank that goes thro' the Plane, may be 
made faſt in any part of the Slit by Screws wich bol 
take the Shanks behind the Plane or Flat Board, WM) 
may be ſeen from the Figure of the Pins at V. 

A little {ſquare Pipe of Iron X flips on upd! 
each Pin, and may be faſten'd to it by a littk 
Screw e, in the upper part of any Place of th 
whole Length of the Pin. Theſe little Pipes have 
Hooks in the under Parts, thro* which ſma 
Threads or Fiddle-ſtrings run, and ſuſtain ſuc 


Balls as P and Q. - Thoſe Strings go round thi} | 
wooden Keys //,. by turning which the Balls a" Ang 
taĩs d or Bard.  , od Bal 
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The Pin from which any Ball hangs, is fix d 


to ſuch a part of the Slit 7, that its Center 


is diſtant from the Line A D (which divides the 
Machine into two Parts vertically) juſt one Se- 
midiameter of the Ball; and that is to be done 
for all the Balls, by means of Marks in the Sur- 
face of the Board. | 8 
The little Pipe and Hook from which the Ball 
hangs, is fix d to ſuch a part of the Pin, that the 
Thread hangs bur a little farther from the Surface 
of the Board than a Semidiameter of the Ball: 
There are Diviſions in the Pins, to determine the 
place of the Iron Pipes upon the Pins, according 
to the bigneſs of the Balls. n 
When you uſe two Balls, the Line A D ſepa- 
rates them, and in that Caſe (as alſo when ſeveral 
at once are made uſe of) if they are of different 
Bigneſs, the great Ball always determines / the di- 
ſtance of the little Ball from the Board; and the 
little Pipes are fix d at ſuch Diviſions of the Pine, 
that the Centers of all the Balls may be equally 
diſtant from the Board. The Keys I bring all 
thoſe Centers to the ſame Heights : which is to be 
obſerv'd in all rhe Experiments. 2 2 
There are two Braſs Rulers EG, EG, which 
ide horizontally in the Board, whoſe Surface is 
hollow'd ro receive them, ſo that their Surface 


may lie even with ir. Behind each Ruler there 


is a Slit in the Board of about 5 Inches, to tranſ- 
mit a Screw coming from the backſide of rhe 
Ruler, which is fix d behind by a Nut in any 
part of the Slit. In making Experiments, the 
End G of each Ruler is diſtant from the Line 
AD one Semidiameter of the Ball, which hangs 
on the fame Mm.. 
Theſe Rulers are ſo divided, as to ſhew equal 
nies, run thro* by the Threads which carry the 


F 3 — To 
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To meaſure thoſe Angles in making the Expe- 
periments, there are 4 Indices, two great one 
MM, and two leſs N N. u; 

Theſe Indices ſliding in a Groove, are moved 
along the Slits r, or, and are faſten'd behind 
| the Board, where you pleaſe, in the ſame Line 


buy Screws. The longer Indices reach to the 


Edge of the Board, tho' the Slirs want about 

. 5 „ 

Ihe ſeparated Figure M repreſents the greater 
Indices, in which 35 is a Plate, which ſlides in 

the Groove of the Board; cd is the Index, per. 


ndicular to that Plate, and about 3 Inches 


* 


* The other ſeparated Figure N repreſents one of 
the leſſer Indices, whoſe Length is equal to the 
Semidiameter of the ſmaller Balls, which are ap- 
plied to the Machine, and whoſe Diameter may 
be about 1 Inch and a half: Theſe Indices are put 
among the great ones, becauſe they don't hinder 
the Motion of the Balls: ſometimes the two ſmall 
ones are put in the ſame Slit, when three Angles 
are to be meaſured on one fide. 5 

In that Caſe the Ball Q is raiſed up, or riſe 
after its fall towards the fide of the Board B. 
That the Index may be placed right for mes. 
ſuring that Angle, the End G of the Ruler E G, 
which is on the fide B, muſt be Join'd with the 
End - of the other Ruler, placed as aþove-men- 
tioned. : + 7 


The three Iron Screws F F F, ſerve to ſet the 


Machine or Board truly vertical, fo as to bring 
the Line A D perpendicular to the Horizon; 
which may be eaſily done by hanging on any one 
of the Balls, and putting on one of the great 
Indices; ſo that the Thread cutting any Mark on 


the Index, may bang parallel jo'the Ling A N. 


| Join'd, contain a ſpherical Cavity of an Inch and 


Clay into the Mould, you muſt anoint the inſide 
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For making Experiments on Bod ies that have 
no Elaſticity, you muſt uſe Balls of ſoft Clay, 
made in the wooden Mould L. SA 
This - Mould conſiſts of five Parts, four of 
which may be ſeen at H, H, H, H; theſe being 


2 half Diameter, with a Hole in the lower Part: 
there is a Screw on the outſide, by which they 
are preſs d together by means of the Ring I, that 
has a Screw in the inſide. 5 „ 
L repreſents all the Parts join'd together; 
there is a Hole in v, which has a Communica- 
tion with the inſide of the Mould : thro' this 
Hole muſt go a Thread, which lies irregularly in 
the Clay, almoſt thro' it. Before you put the 


of it with Oil; then when all the Parts have 

been join d and preſs d together by ſcrewing on 

the Ring, take them aſunder again, and you will 

find a ſmooth and round Clay Ball, to the Thread 

of which you may faſten another Thread, and 

immediately hang it upon the Machine. 

The Experiments relating to elaſtick Bodies, 

are made with Ivory Balls. You muſt have fix _ 

ſmall ones, of an Inch and half Diameter. e- 

fides thoſe, one of double the Weight, another 

of three times the Weight, and a fourth of four 

times the Weight. 25 oo 

In the 11th Experiment of the following 

Chapter, the fix equal Balls above-mentioned, 

are hung on to the Machine ar the ſame time, 

ſo as to touch one another. And this is done 

(ſe Fig. Z) by means of the Plate u, which | 

is fix dd to the Machine by help of the Screws 1 

19, which go thro' the Slit s 7. This Plate con- | 

tains four Pins, p, p, p, P, in whoſe Ends are 

Hrs thro' which the Threads paſs that carry 

the Balls. The Threads are brought to a pro- | 
OS | FW 


* 


ready deſcribed, 


J make the 
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per Length, and ſtaid by the Keys J, 1, /, 1. The 


two other Balls hang from the two Pins V, al- 


o is . 


13th Experiment of the next 


Chapter, there muſt be three ſuch Pins as V. 


In this Machine the Percuſſion of the Balls in 


0 we loweſt part of it, is always direct; and the 
Balls (whether you let them go from different 


Heights, the ſame Way or contrary Ways) will 
always come to the Bottom at the ſame Time ;* 


and fo in that caſe the Percuſſion is always di- 


rect ; the Celerities at the Bottom are mark d 
by the Divifions of the Rulers EG, EG; * for 


in Arcs no greater than ſuch as the Balls deſcribe 
in this Machine, the Ratio between the Arcs 


and Chords does not ſenſibly differ. The Heights 


' from which the Balls are let fall, determine the 
- Celerities before the Stroke; and the Heights to 


Aich the Balls riſe, their Celerities after the 


Stroke. © 


All thar relates to the Percuſſion of Bodies not 


elaſtic, . may be referr'd to the four following 


Gi. 
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17 168 
169 


. 


F226 


the Stroke. 


that is at Ref, both together will continue their Mo- 


tion in the ſame Direction as the fir ſt Motion; x and 
the Quantity of Motion inthe two Bodies, will be the 


Same after the Stroke, as in the ſingle one before it. 
For the Action of the Body in Motion upon 
the other, communicates to it all the Motion 


that it acquires ; now the Re. action of this laſt 


in the (firſt retards its Motion; and as Action 
and Re- action are equal,“ therefore the Quanti- 


ty of Motion acquir d by one Body, is equal to 


the Quantity of Motion loft by the other; and 
ſo the Quantity of Motion is not changed by 


* 1 


Cale 1.1 If one Body flrikes againſt another Body 
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This C Quantity of Motion is found by multi- 
ply 285 the Mals of the firſt Body by is Veloci- 


* and dividing that Quantity fs the Maſs of 6 
boch Bodies, you will have the b Veckt⸗ aftet the 1 


Stroke. 

For Example, take two equal Bodies, in each 

of which the Quant 3 atter may be ex- 

preſs d by One; let of the moyi 
Body be Ten, the Quantity of Motion will al 


be Ten, which muſt be Aivided by Two, the L 


Maſs of both Bodies, and Five, the Quotient of 
the Diviſion, will N the G of the Bodies 
after the Stroke. 


Experiment 1.] Take the two ſoft Clay Ball 


P and Q, and han upon the Machine of 
nn 170. 856 Pin 1 


| the Ball P from i Height anfiverable 


to je tenth Diviſion of the Ruler E G, fo * 2 
it may ſtrike againſt the Ball Q, which is 


reſt ; after rhe Stroke they will both move 15 A 


ther, and riſe up on the other fide to the fi 


Diviſion of the other Ruler EG: The reſt of the \. 


Experiments in this 3 are we with * 
ſame ſort of Balls. 


Caſe 2] If ons Body ſtriler Es that moves 172 


| the ſame way, but ſlower, they trill both continue 
 therr Motion in the ſame Direftion as before; and 


the Quantity of Motion after the Stroke toll be the 
Same as b 5 


* 


The Reaſon of this Propoſition is the fame yg 


that of the foregoing. 
In this Caſe the Celerity of the Bodies after 


| the Stroke, is determined by multiplying each 


Body. by its Celerity, the Produkts 'of which 
Multiplications will 2 ai the Quantities of Mo- 
: cy ie in each Body * 


y collecting them into one v 
Sum, 
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Sum, you bave the Quaater of the whole Mo- 
tion; which if you divide by the-Maſs of both 
Bodies, the will. de be the n . 85 
quired, 33 | 


| Experiment 2.] Take the nd Bodies P and Q 
(Plat X. 2.) and let them go towards the 

x 20 ſide, VF ith the Velocity 19, and Q with 
the Velocity 6; as the Maſs of each Body is 1, the 
Quantity of Motion in both together will he 16 ;* 
© which if you divide by 2, the Maſs of bath Bo- 

dies, the Quotient will be 8; and the Experi- 
ment will ſnew the Velocity to be ah 


1 $9 this 


Caſe 3 1 When 700 Babies, with EY n 
ori 


ties of on, are carried towards contrary ſides, 
the whole Motion will be deſtroyed by their ucerimg, 
and the Bodies will be at reſt. 

The Bodies are not ſeparated after the 
Stroke, and the Line in which they move, can 
not be changed ;* but that they may continue to 
move in the fame Line, it is required that one 
Motion ſhould overcome the 9 which im- 
plies a ContradiQtion.* : 


Experiment 3. Plate * Fi g. 3.] Let two _ 
Bodies P and Q fall from contrary fides with 
equal e no. as ſoon as KEE meet they 

will be at reſt. 


_. Caſe 4.] Two Bodies ds with F an Vale. 
ries contrarywiſe, after having firuck one another, 
will both together continue their Motion in the ſame 
Direction, towards that ſide where there is moſt Mo- 
tion; and the Quantity of Motion after their meet- 
ng is equal to their e Motion before 
| al Stroke, 4 bo e algae 
Ine 


IN 


NET IN. 


(om; 7 


„% 2 OS 


dag aß fg Coericics, = 
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The greateſt Motion overpowers; therefore 
the Bod ies muſt be carried together the Way that 
that Motion is directed; and a Body which 
has a leſs Quantity of Motion, is carried in the 
ſame Line (but in a contrary Direction) as be- 
fore the Stroke; for this it is required that by the 
Action of one Body, the whole Motion of the 
other be deſtroyed, which cannot be done, unleſs 
that Body by the Re· action loſes an equal Quanti- 
ty of Motion; there remains therefore only the 


Difference of the Motions. 


Multiplying the Maſs of each Body by its Ce- 


lerity, we haye the Quantities of Motion; the 


leaſt of which muſt be ſubſtracted from the : 


greater, to have the Difference of the Motions z | 


which Difference, if it be divided by the Maſs of 
both Bodies, will give the Celerity after the 


meeting of the Bodies. 


Experiment 4. Plate X. Hg. 4.] Let the Body 
Q be moved with the Celerity 14, and an equal - 
Body P in a contrary Direction with the Celeri- 
ty 6; after meeting, the Body Q continues its 


Motion, and carries along with it the Body P 


with the Celerity 4. 


Becauſe of the Equality of the Bodies, the 
Quantities of Motion will alſo be 14 and 6 ;* 


and their Difference is 8 ; which Number heing 
diyided by 2, the Maſs of both Bodies, the Quo- 


tient 4 will be the Celerity after the Stroke. 
Der1N1TION III. 


We call Relative Celerity, 1hat with which ene 


Body is carried towards another, or with which two 
Bodies are ſeparated; in Motions directed the 


175 


me way, it 15 the Difference of the Celeriries of 


the Bodies; and in contrary Motions it is the 


— 


Le 
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= 
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175 > the Congreſs of Bodies, the Stroke is propor 
1 We, io that Relative Celerity. For the Force + 


Bodies ſtriking againſt each other, is increaſed or 
Aiminiſhed according to the Celerity with which 


| to. Bodies come towards one _ 


p . 2 7 * 192 
2 | Po : * 2 


CHAP. XXL. 5 
Of the e, of Elaſtic Bodies. F . 
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N Elaftic Body, Alle Fignie i iS changed by 
A any Force, will, when the Action of that 
Orce 


| ceaſes, b its Aa or Spring, return to 
1 44 its firſt Nene Nahe : F | 3 l 


fs eee i | 
JJ -* A Body has perfect Elaſticity, when it returns 
10 12 7 ft Ligure, with ibe ſame Force with which 
| it was preſs d in. 
178 In that Caſe, the Stroke ariſing from the Reſti- 
tution of the Spring, is equal to the Stroke by » which i 
the Hgurè of the Body was alter d. 
In this Chapter we ſuppoſe this Sort of Elaſti- 
city, tho' we know no Bodies perfectly elaſtic : 
in different Bodies, the Force by which the Parts 
\, Fetvrn to their former Figure is very unequal ; 
for which reaſon we can give general Rules only 
concerning perfect Elaſticity ; the nearer Bodies 
approach to this Elafticity, the more exactly will 
tbeir Motion agree with theſe Rules. 
The Experiments that we ſhall mention in 
this Chapter, are to be made with the fame Ma- 
* chine that the Experiments of the laſt Chapter 
was made with; and here we are to uſe Ivory Balls, 
Fuch as are mention d in the Deſcription of 
the Machine; for the want of perſect Haſti- 
City, and the Reſiſtance of the Air, 40 not make 
3 ſenſible Error in the Experiment 5 ; which =, | 
| When 


. % 8 
Fo L ; 
, $ * 5 * = 
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* Natural Philoſophy. 
— Aden re requires, be correfted de- 
f termining pd _—_—_— from it. by 
If Which way ſoever two Bodies ſtrike again 


h each other, the mutual Attions of the one ro 5 
= the other are always equal . By that Action * 
the Parts of Bodies are e pulls inwards, -and that 

905 ual Force in both Bodies; by their Elaſti- 

lo they return with equal Force to the 


| fl Fig The Action of Bodies upon each 
| | other, ot! their Reſtitution by: their Spring, is j 
y equal to the firſt Action from the Stroke; . 178 
t whence it follows, that rhe Action of Bodies upon I 
a 425 orher is double in elaſlitk ones; rhar-is, double 


in reſpect of each Body cbnſidor'd ſingly, — of 
the Equalſty of the Action in each. The Change 
therefore; which in that Caſe- is produced in the 
Motion of each Body by the Stroke, is double that 
which 1he. Stroke would by the ſame Motion produce 
in Bodies that have no Elaſticity; and as in reſpett” 
of theſe Bodies, the Change (boch in reſpect to the 
Quantity of Motion, and in reſpect to the * 
rity) is determined in the foregoing N . 
we ma 4 alſo determine what the Chan 


: in thoſe, that is, in elaſtic Bodies: lan which ts 
; "INE ae to be obſerved. | DISHES 
: R U LE „4. y ad; loved 


| Wie 85 that are not elaſtic flrite ue 180 
ah other, „ one Body acquires a certain 8 
© Motion, ir would require twice as much, if tbe 
dies mere 22 ic; and this double Lrantity i wry _ 
70 added 10 fl Motron, in order ro om i | 
th YO Tit te the 5 Stroke... | e 


e K b i 5 rho 
with 165 Wake that are not 2 frike Lain 181 
- eachother, if one Body loſes a certain Quantity of Mo» 


BL, "#4 woul d loſe twice as much, if the Bodies were 
| TOO ö 


1 elaſtic ; aid that double Quantity muſt be Lab fr 44. 
1 4 
g 


* x71 ter meeting. would be 6; * and fo. the Body Q, 
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ed from the firſt Motion, in order to determine the 
f, 
W hat is ſaid of Motion muſt alſo be underſtood 
of Velocity; becauſe in the ſame Body. the Mo- 
tion is proportionable to the Velocity * _ 


Experiment 1. Plate X. Hg. 5.] Let the Body 
p, whoſe Maſs is 2, and Celerity 9, ſtrike againſt - 
Q a Body at refit, whoſe Maſs is 1; after the 

Stroke Q moves with the Velocity 12, and Þ 

+". continues its Motion with the Velocity 3; 
which agrees 
Bodies were not elaſtic, the Celerities of both a 


with the former Rules: For if ho 


would acquire 6 Degrees of Velocity, and by 
180 Rule I. * therefore ir mult acquire 12 Degrees; 
the Body P loſing 3 Degrees of Velocity, by the 


* 181 Rule II.“ muſt loſe 6, which if you take from 9, 


the former Velocity, there renain 3 Degrees of 
Velocity. © Fn lg 


Experiment 2. Plate X. Fig. 6.] If the Body 
P, whoſe Maſs is 2, and Velocity 8, ſtrikes the 
Body Q, whoſe Maſs is 1, and which: is carrie 
the ſame way with the Velocity 5; after the 
Stroke the Body Q moves with the Velocity 9, 
and P with the Velocity 6; which again might 
have been determined by the foregoing Rules. 
I the Bodies had not been elaſtic, both would 
have moved after the Stroke with the Celerity 


| * 172.7; * the Body Q would acquirg 2 Degrees of Ce- 


lerity, which by Rule I. muſt be doubled, and 
added to 5 the firſt Celerity, which gives us 9: 
The Body P loſt one Degree of Velocity, and by 

; - Rale IL it muſt loſe 2, therefore it has 6 left. 


„ e ene 
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„ „% Toll DRE: mira 
M ben à Body loſes its whole Motion, and acquires 182 
4 Motion the contrary way, thoſe two Motions winſt 
be collected into one Sum, in order to haue the Mo- 
tion that i e 5 bs SS 
ben the Quantity, which is to be ſubſiraled by 
Rule II. exceeds the Quantity of Motion before the 
Stroke, from which it muſt be ſubſirated, that whole 
Quantity of Motion is deftroyed, and what remains 
(that is, its Difference from that which it ſhould 
have been ſubſtracted from) gives the Motion the 
contrary way. 2 SLEW A | : Fi: | W 
Esperiment 3. Plate X. Egg. 7.] Let the Body P 
Arike with the Velocity 12 againſt another 
dy Q, which is three times as heavy, and at reſt, 
and it will return with the Velocity 6. In this 
Caſe, Bodies not elaſtic would move with the Ce- 
lerity 3, therefore the Body P would have loſt 


9 
Degrees of Velocity, but by Rule II. * it muſt * 187 


loſe 18; which if you ſubſtract from the former 


Velocity 12, you have 6 Degrees the contrary + , 
way by Rule III. * In this manner may be de- 16 
_ termined, by the following Experiments, what is 


laid down in the Rules. 

Experiment 4. Plate X. Fig. 8.) Let the Body 
P be carried with the Velocity 19, the fame way 
as Q, that is three times as heavy, and moves 
with the Velocity 3; after the Stroke the Body - 
returns with the Velocity 5 $30 


Experiment 5. Plate X. Fe. * Let the two 


Bodies P and Q come towards one another with _ 


equal Quantities of Motion; after the Stroke both 

will return with the ſame Celerities with which 

they come upon each other. NS eee 
r Expes 


| 1 _ 


5 . Plate X. Ex. 10. Let P with 

dme Velocity 5, and Qof triple the W ke. we with 
 - the Velocity 11, move in contrary Directions; af. 

tet the Stroke, Q continues its Motion with the 
| aeg 3, , and P returns mm r. mern 
15. d 


| = OW o, Plate X Fe 1 1 Let ha fangs 
1 Bodies P and Q be carried in contrary Directions, 
P with the Celerity 16, and Q. with the Celerity 
3 zB both will ber efted after the Stroke, 2 wich 
20, and Qwith 4 Degrees of Velocity. - 
All the Caſes of the Percuſſions of elaſtic Bodies 
3 may be determin d by the Rules above mention d; 
the following remarkable Obſervarions are alſo de 
duced from them 
183 When the Bodies are equal, and move the ſao 
way, they continur their Motions, interchanging 
their Velocities; if they moue contrariioi ſe, then 
they are reflected from cach ans wn inter. 
ee their Veloritie. 


* 


Ciſt 1. Plare XI. Fig. 67 Let the Bodies move 

"ahe fame way, and ler AB be the Velocity of 

one Body, and BC the Velocity of the other; 

the Velocities' here are as the Quantities of Mo- 

+ 6; tion.“ Let the Line A C be divided into two 
equal Parts at D, and let D h be equal to D B; 

AD or DC gives the Celerity of each Body af- 

* 172 ter the Stroke, if they are not elaſtic ; ſo the 
Celerity B C is increaſed by the Quantity D B. 

but as it muſt be doubly increaſed becauſe of the 

* 180 Elaſticity, * it will become 6 C: the Celerity 

Ag in Bodies not elaſtic, is diminiſhed by the 

Quantity DB; but it muſt be diminiſhed by 

double that Quantity for the Reaſon above-men- 

* 181 tion a * and n it will now nt b. 

. | ere· 


x 


| ta 2 ES RS n | p * 22. 8 
27 — — — — — 


— — ahainect 
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kak I. — 


Thetefore, the Velocitles AB and BC are chan- 


ged into the Velocicies Ab and C; but AB 


and bC, as 8 5 C and Ab, are > equal e to one 


ane 


. 


periment 83 Fo two 
the with the Velocity * and tlie Other with 
the Velocity 5, be carried 
will continue their Motion after the Stroke, inter- 


changing their Velotities: Which alſo agrees with 


the Computation, by the n Rules. 
Gife 2. Pane XI. Ex. 2] Let A B be the Cele- 


rity of one Body; CB the Yelefity of the othet ; 
let the Difference A C be divided. into two equal 


Parts at D; and let A b be equal to CB. When 
the Bodies are not elaſtic, the Velocity of each of 
them after the Stroke rowbftlo the ſame Side is 


AD; x therefore the firſt Body has loſt the Velo -* in 


city D B, and rhe other has loſt the whole — - 
city CB, and acquired DC the 


teren the whole Quarffity loſt is alſo DB B; os 12 * 


if this Quantity be doubled; it will be 6 B, the 


Quantity of Caterity loſt by both Bodies; * the * 181 


* 


Difietetics, of that Velocity with the Velocity of 


ach Body; does in each: Body give a Velocity 
the contrary way; 


to each other, « 


lerity 10, Key! 4988 the GSelerity 5, are 
my contrariwile, they will both be refteCted af- 
lt the Stroke, imefchanging their Velocities. 

When an elaſtie Body 12 another equal 10 # 
gh is at refl; that the Velocities may be changed, 
be n. 2 will 15 a * after the "© 


fame way; they 


Rap ar 4 9. che equal I, p, with 


Ie? Bodies P aud Q 5 


F that Difference for the Mo- 82 
tion AB is 5 A, and fof the Motion CB is C £ 
but C an AB; Wee and "Ry are n 


184 


n 


. ˙ — w . ⸗—— 


& a bat] 


and the other will go on with all the Velocity 4 the 
Percutient : Which is confirm'd by FE 


Experiment 10. ] Let the Body P, with the Ve 

locity 10, ſtrike the Body Q which | is at reſt; P 

will bear ' reſt after the Stroke, and Q will go for- 

ward with the Velocity 10. A this ſerves t to 
explain the following 0 


Experiment 11.] 17. Let ſeveral ey Bodie 0 
P, G. R, . (Plate XI. Fig. 3.) be placed . 
in the ſame Line, and touching one another; if % 
the Body P ſtrikes againſt Q with any Velocity, J 
Aatter the Stroke P,Q, R, S, and T, will remain Ml ;þ-, 
at reſt, and V only de moved. [ 
_  2dly, Let P and 1 with equal velocities joir 
ſo that Q may ſtrike againſt R; after the Stroke WM, 
P, Q, R, and 8, will begyreſt but T and V. will | 
* forward together. * - 1 . 
34/y, If three are let go t er, t will alfo 
ſtrike of T Three. 7 2 
4thly and Hy, If P, Q, R and 8 be moved at 
once,. ſo that S rikes T, after the Stroke P and 
Q will be at reſt, and R, 8, T, V will move to- 
gether. In general, let the Number of Balls b 
what it will, how many ſoever move on before 
the Stroke, 0 many alſo will move off in the 
fame Direction after the Stroke. 
In the firſt Caſe, the Body P (Plate XI. Fig F 
* 184 ſtrikes Q, and then is at reſt, * Q ſtrikes R, and 
is alſo ar reſt after the Stroke; and ſo it happen 
to the others, till at laſt T Arikes V, which ha- 
ving no Obſtacle to ſtop it, does alone continue 
in Motion. 
In the ſecond Caſe, the Body Q ( Plate Xl, 
#2. 4.) does in the fame manner drive forward 
the Body V; P immediately follows, and ſtrikes 
* "_— on account 1 5 the firſt Stroke, 2 


Book I; of Natural Philoſophy: . 33. 
at reft, but now communicates its new Motion 
forward to T, (in the manner above- mention d) 
which is not able to ſtrike V, that is already in 
Motion; and as the Motions of P and Q are 
equally ſwift, and thoſe Bodies follow one another 
very cloſe, there is no ſenſible Time between 
thoſe two Communications of Motion; which is 
the Reaſon that the Bodies V and T are moved 
equally ſwift, and not ſeparated from each other. | 
de relative or reſpettive Velocity, with which 185 
umso elaſtic Bodies whatever recede from each other _ 
it er the Stroke, is the ſame as the reſpective Ve- 

Y, "_ with which the Bodies came againſt one atio- 
n her. 13 © © FP” 1; p why 
If the Bodies were not elaſtic, they would. 
„ WM jointly continue their Motion; * and in that Caſe, * 168 
ke by the Action of the Bodies upon each other, 
ill ide whole reſpective Celerity, by which they 
come to one another, is deſtroyed; the Action 
10 i from the Reſtitution of the Spring is equal and 
contrary; * and therefore it muſt generate the 178 
lame reſpective Celerity, with which they recede 
nd tom each other. Let the Inequality. of the Bo- 
dies be what it will, nothing is changed thereby; 
becauſe of the Equality of the firſt and ſecond 
Action upon each Body. * 5 dhe 
us By The Luantity of Motion towards the ſame Side, 186 
1) 4 5 ſame way, is the ſame after as before the 
Sy bs otro. : . | | | | | 
and BY For Bodies that are not elaſtic, this Propoſi- 
ton is proved in all Caſes; “ for when the Mo- ,;; 
tions do not conſpire, the contrary Motion muſt 153 
de ſubſtracted from the Motion one way, in or- 173 
der to determine the Motion that way. By the 174 


. BY Zo 


s Reſtitution on account of the Elaſticity, equal 
vn Quantities are generated towards each Side, ** 126 
. by which the Quantity of Motion towards one 


ide is not changed. Th two laſt Propoſitions 


84 Mathematical Elements Book |. 
are fully confirmed by the above · mention d Ex- 
: _ periments. 
187 - Whena Small Body frikes ind another greater 5 
| Body, which is at re, the great Body acquires « 1 
greater Quantity of Motion than zhe [mall one hal | 
| before the Stroke. | ſe 
The Quantity of Motion acquired by the great 
Body, is double the Quantity which the little one ” 
would loſe, if the Bodies had no Elaſticity ; but b 
in that Caſe, the little Body would loſe mor ; 
* 180 than half irs Motion *. | 
55 : 
Experiment 12. Plare Kl. Fig. 7.3 Let theBo 5 
dy P, 72 the Velocity 15, (which Number allo M* 
does here expreſs the Quantiry of Motion) ſtrike 
the Body Q, which weighs four times as much, 
and is at reſt; the Body Q acquires the Velocity Ham 
* 19363 *ithar is, 24 of Motion. But the ; 
| 180 Body P returns with 9 Degrees of 3 14 
and ſo the Quantity * Motion towards that 
way where P was firſt diretted, continues to be 


x 185 ©, 
The Motion is more increaſed in the Body Q 
by the Interpoſition of a Body of mean Bignels 
between the Bodies P and Q. 


188 Experiment 13. Plate XI. Fg. 8] Let there be on 
the two Bodies P and Q before-mention'd, and 75 
between them the Body R double the Body P; i 10 

the Body P, with 18 Degrees of Velocity, comes 1 
upon R which i is at reſt, n will communicate to it 5 
* 42719 Degrees of Velocity; with which if this Body .“ I. 
+89 ſtrikes upon Q that is ar reſt, it will commun 
cate ro it the Celerity 8, that is 32 rees 0 
Motion; but in this Experiment, becauſe of the 8 
double Percuſfon, the Error ariſing from tie all 
vrant of perfect Elaſticity, is more fenfible that ** 
1 where . is but e 
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aa che Quantity of Motion acquired by the 


Body Qis about 30. 1 | 
The greater the Number is of unequal Bodies, 


which are interpoſed between awo Bodies, if the Maſ- 


1 
a 
d ſes always increaſe from the firft to the laſt, Jo much 


the greater will the Quantity of Motion 


at 
* ber of Bodies interpoſed remaining the ſame ) when 
* che Maſſes of all the Bodies mcreaſe in a Geome- 


I Wl rica Pragreſſn. „ 
Tho the Quantity of Motion directed the 
„ame way in the Congreſs of Bodies, whether 
i {Mo attic or not elaſtic, remains the ſame, the Quan- 
*" Wiity of the Motion it ſelf does not always remain 


* increaſed ; * ſo that there is no Reaſon to ſay, 
oy that there is always the ſame Quantity of Motion 
* in the World, _ | + 
on 1.0 BABY, ARE: 1 > 
* compound Motion, and oblique Percuſſion. 
Q Body in Motion may be ated upon by a | 


. new Force, and driven according to ano- 


e Jon follows the Proportion and Direction of that 
pics orce: * And as the firſt Motion is not deſtroy d * 125 
>. hat Action, from theſe two Motions a third 


riſes, according to a new Direction. 


ba. y Force, according to the Direſtion PC, and at the 
nun timé let it be driven by another Force, gccord. 

« he Direction PB; and let the Celerities ari- 

£ the 10 from thoſe For Ces, be as thoſe Lines PC, P B. | 
the (0 order to determine what will happen, let tbe 
8 allele PB AC be compleated, by draw- 
con, i" the Lines BA, CA, parallel: to the Lines 

and 


. 


in the 
greateſt; and it will be the greateſt of all (the Num- 


e oY fame, but is often diminiſhed, * and alfo often 


ter Direction, in that Caſe the Change of Mo- 


Ler the Body P (Plate XI. Fig. 9) be driven by 190 


bove-mention'd ; let PA be the Diagonal of 
1 G 3 that 


86 Mathematical Elements- Bock l. 
that Parallelogram. Let the Body be ſuppoſed 
by the firſt Force, that is, with the Celerity P C, 
to deſcribe the Line P C, and let that whole Line 
be carried along in the Direction, and with the 


Body will be at p, ſo that Pb will be to P B, 2; 


3 


compound Motion, as the Line PB or P C would 


191 


nal P A, whoſe lerity is proportional to the. Lengib 


Celerity PB; when that Line is come to ba, the 


bp to ha, or AB, that is, it will be in the Dia. 
gonal P A, and ſo always. When the Line PC 
is at B A; the Body will be at A; therefore fron 
a Motion compounded of the two Motions above. 
wentioned, there ariſes a Motion along the Diago. 


of the Diagonal; * tor the Diagonal will be run 
thro' in the ſame time by the Body P with 1 


have been gone thro' by the ſame Body, by only 
2 Motion; that js, acted upon by one of the 
orces. 
Io confirm this Propoſition experimentally, 
we muſt make uſe of the following Machine. 
It conſiſts of two Boards, or wooden Planes 
CDE, CDE, (Plate XII. Eg. 1.) of the Figure 
of a rightrangled Triangle, whoſe Side C D is in 
Length about 3 Foot and a. half, and the Side DE 
about 1 foot and à half; theſe Boards arę fixed ſo 
as to moye in a vertical Situation about the 
E88. 7 
The Experiments upon this Machine ae 
made with Ivory Balls of an Inch and half Dir 
meter. The Planes are fo Join'd, that if yo 
conceive two other Planes to run parallel 1 
them, at the Diſtance of a little more than a $: 
midiameter of the Balls; the Lines in whic 
theſe imaginary Planes interſect, ſhall be the Ax 
of their Circumvolution : Which is brought u 
paſs by the Contrivance of the Hinges, (Fg: 2. 


hoſe Pares 6, þ, are let into the Wood to be th 
mer, Jn jp Teer of the Ppper Hines | 
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ed there is 'a ſmall Cylinder a, (Fig. 2.) in whoſe 

C Baſe there is a Hole, which meets another. in the 

ine Side, thro which the Thread ih is to run; at 

the one end of this Thread a Ball, as P hangs, and 
the the other end is join'd to the Key I. By help of 

25 the Screws E, F, F, E, E, this Machine is ſet per- 

5. pendicular, ſo as to have the Thread hi, hang in 
p the Axis of the Machine. phe 


VOM Ar mm, n, there are two Pins-fix'd to the two 
We. Planes, from which Pins the Balls Q. Q, hang, 
490. at ſuch a diſtance from the Planes, that they may 


wth almoſt touch them; - fo that if you ſuppoſe a 
run Line to paſs thro the Centers of the Balls P and 
h 2 Q it ſhall be parallel to the Plane on that fide: 
Quid beſides, it is required, that when thoſe Balls 
only hang at the ſame Height, they ſhall touch ous 
the another. Po Oey: „ 
7 The Threads which are tied to the Balls go 
ally, MJ thro' the Holes in the ſaid Pins, and are fix d to 
| the Keys /7, ſo that the Balls may be raiſed or | 
anes, let down eaſily, and have all their Centers brought 
gur to the ſame Horizontal Plane. There is a Braſs | 
is in Ruler, or graduated Limb R, bent up in an Arc 
DEM of a Circle, ſo as to have the Ball P riſe along it 
ed fl in its Motion; and this Limb turns one of its 
the Ends on a Center, which is in the Axis ot the 
Machine. This Piece of Braſs ſerves to ſhew to 
are what a Height the Ball P aſcends. . 
Dit Each Ball Q when it ſwings, moves along the 
Plane to which it is applied; and the Height 
from which it is made to fall, is ſhewn by an In- 
dex fixed to the Plane; to which end there are 
four Holes in each Plane, containing equal An- 
gles, in reſpe& to the Motion of the Threads. 
When the Ball Q is let fall from any Height, 
it ſtrikes upon the Ball P, and drives it to the 
lame Height in the fame Direction.“ * 184 


G 4  Exve- 


88 — Bod. 


Experiment J.] The Herizontal Section of this 


Machine is here repreſented, (Plate XII. Fig. 3. 
and 4.) the Body P may be driven by either of 
the Bodies Q. {th any Direction and Velocity. 
If the Bedies Q and Q. are let fall at the fame 


* 1553 


ow 190 


time, the Body P has two Mortiens impreſs'd upon 


it at the ſame time, * and therefore runs in the Di- 


agonal Pp of the Parallelogram made in the 
manner above mentioned, to expreſs thoſe two 
Motions, and runs up to an Height proportionable 
to the Length of that Diagonal. 

The Experiment anſwers very exactly, whe- 


ther the Balls Q and Q are let fall Los. the 
- fame Height, or from unequal Heights, and 
whatever the Angle be that is made by. the two 
Pianes, that is, by the Directions of the Mo- 
tions, whether the Angle be right, acute, ot 


192 


obtuſe. 

4 Boch mowed. any bow in the Right Lize 
PA, (Plate XI. Eig. 10.) may always be conſider d 
as afted pon by two Motions : and that as many 


ways as you pleaſe ; fox you may draw: as many 


different Paraltelograms as you pleaſe,” as PB 


AC, pbac, p bas, whoſe Diagonal. is the Line 
| above-mention d ; and in every one of them, if there 


be ſuppoſed two Forces acting in the Direckions 


P B and PC, from which the Celerities which 


the Body would have, are as the Sides PB and 
PC, a Motion will always be produced by the 
Action of them. both at once, which will give a 
Celerity proportional to the Diagonl. 

From this Reſolution of Motion into two other 
Motions, may be determined the Motion of Bo- 
dies that ſtrike one another obliquely. 


Let Q (Plate XI. Fig. 11, and 12.) be at reſt, 


and P with the Direction and Celerity PA, 


ſtrike againſt it. When P is cams to A, draw 
They. the Centers of- both Bodies the Line * 
an 


C eg” * 
3 
+ ROE 
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and then P B perpendicular to it, and compleat 
the Parallelogram AB C, the Motion along PA 
is reſolved into two others along F B and PC; 
or B A, CA: By the Motion in the Direction 
CA, the Body P does not act upon the Body O; 
the Action therefore ariſes ſolely from the Mo- 
tion in the Direction along B A, that is, the Bo- 
dy P, by the oblique Strate along PA with tha 193 
Celerity P A, ale xpon the Bady Q. in the ſame - 
manner as if it ſhould firike it directly along BA © 
with the Celerity BA. And ſo the Motion of the 7 
Body Q from that Action, whether the Badies be 
elaſtic or not, is determined from what has been 


e 


faid of direc Percuſſion. Sth. 1 
The Motion of the Body P (Plate Nl. Fig. 11, 
and 12.) after the Stroke, is deduced from the 
ſame Principle; the Motion along CA is not 
changed; therefore by that Motion with an equal 
Celerity the Body P is carried in the Direction 
AE. New let A E be equal to CA; the Change 
in the Motion B A is determined in reſpect f 
the Body P, in the ſame manner as the Motion 
af Q, by the two foregaing Chapters; let the 
Celerity of that Motion be AD, in Fig. 11. 
when the Body goes forward, and in Fig. 12. when 
it returns back ; from that Motion, and the Mo- 
tion along A E, axiſes a compound. Motion in the 
Diagonal A 5 which by its Situation and Length, 
denotes the Nirection and Celerity of the Body 
P after the Stroke. . / 190 
When Bodies are equal aud 


= + S& ED UAV 7 


6a Sr S 0 Pays av% 


* 

'laj/ic, the whole 54 

er Motion along BA is deſtroyed by the Percuſſi- I 

o. on, * and only the Motion along CA is left, and + 184 
the Body P alſo is carried in that Dire tion. In 

ſt, chat Cafe, both the Bod ies do always fly from c 

A, other Fo ur mms that are a — 2 with 

ws one other, which way ſoguer the Be comes 1 

B, e FE 7 

e Expe- 


„ r 


98 Mathematical Elements 


7 * * 
„„ 
; SOnk 1 
3001 | 
* 2 EA 
8 [ 


RY 


* 


+. "Experiment 2. Plate XII. Fig. 5.] In te Ma- 
chine (deſcribed Numb. 191. let the Ball Q and P 
hang; having ſet the Planes at Right Angles, 
let the Body Q with any Direction, and from any 
Height, come down upon P, and ſtrike againſt 


= it: after the Stroke the Bodies will follow the 
Directions of the Planes, and riſe to Heights, 


. _ which'may be determined by what has been ſaid 
195 We may alſo the ſame way determine the Mo- 
tion of two Bodies after the Stroke, when both 
Bodies are moved, which way ſoever they come 
upon one another. The chief Caſes are repre- 
ſented in Plate XIII. and all of them are explained 
_exatly the ſame wax. os 
Plate XIII. Hg. 1, 2, 3, 4,5, and 6.] Let the 


Body Þ be moved with the Direction and Cele- 


rity PA, and the Body Q, with the Direction 
and Celerity Qa; draw the Line B 6, which 
goes thro' the Centers of both Bodies where 
they touch one another, and let CA and 4 be 
drawn perpendicular to the Line above-menti- 
oned, and let the Parallelograms PB AC and 
Qbac be compleated. The Motion of P is re- 
ſolved into two others, of which the Celerities 
and Directions are expreſs d by C A, BA. The 
M.otions into which the Motion of Q. is reſolved, 

_ _are.expreſs'd by ca, 5b 4; by the Motions along 
CA and ca the Bodies do not act upon one ano- 
ter; therefoipaſteſe Morions are not changed, 
_ ©  and- after the Ströke are expreſs d by AE and ae, 
which are equal to A C and ac; the Percuſſion 
from the Motions in the Lines BA ba, is direct, 

and determined in the foregoing Chapters: Let 
the Body P move towards D, and its Celerity be 
AD, and the Body Q move towards d with the 
Celerity ad. After the Stroke therefore, the 
OO go a oO otion 
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Motion of the Body P is compounded of the 
Motions along AE and A D, and moved in the 
Diagonal A p. The Motion of the Body Q. 
after the Stroke, is compounded: of the Motions 
along ac and ad, whence that Body is carried 
in the Diagonal à e; and the Lengths of thoſe 
Diagonals expreſs the Celerities of the Bodies 
after their Meeting. In the 1ft, zd, and 3d Figures 
the Bodies are ſuppoſed not elaſtic ; and in 
the 4th, 5th, and 6th, the fame Caſes are put, 
ſuppoling the Bodies elaſtic. There are ſome 
Letters wanting in the firſt Figure, becauſe the 
Points which are marked with thoſe Letters in 
the other Figures do here coincide with other 
Points, and are not neceſſary for determining the 
Motions, | | 


0 Of Oblique Powers. 


F HE Body P (Plate XIII. Fig. 7.) being dri- 
ven in the Directions PB and PC, with 
Celerities proportionable to thoſe Lines; from 
thence ariſes a Motion along P, the Diagonal 
of the Parallelogram PBAC, with a Celerity 
that is denoted by that Diagonal * ; if there be a * 190 
third Force acting along the Line Pa, ſo that the 
Celerity ariſing from it be PA; by that Action the 
Action of both the ſaid Forces are deſtroyed, 
and the Body comes to reſt : If the aforeſaid 
Actions continue, the Body will continue at reſt ; 
which happens when the Body is drawn towards 
C, B and @, with the faid Forces pulling by 
Threads, Whence it follows, That à Body will be 196 
at reſt, which is drawn by three Powers, that | © 
are to one another as the Sides of a Triangle made 
by Lines parallel tg the Direftions of the rom 
* 1 E 0 is 


. b the Machine repreſented in Plate XIII. Fg. 8. 
It conſiſts of a round Board of about 8 Inches 


925 
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This Propoſition is confirmed r 


7 Diameter, which is in a horizontal Pofition, and 


Tuſtain'd by a Foot: Round the Edge of it, 


within the Thickneſs of the Wood, is a Groove 
whereby Pullies are applied at pleaſure to any 


part of the Circumference; for each Pulley has 


2 Braſs Plate perpendicular to it, which fits into 


the Groove when the Pulley is applied. See the 


8 Pulley with the Plate repreſented by F 


T he Board above-mention'd is a little ee 
iy, in the upper part, ſo as to receive a leſs or- 


135 'bicular Board D F A, whoſe Thickneſs is about 
2 quarter of an Inch, and its Sarface riſes a little 
above the firſt Board; ſo that a Thread that runs 


over any of the Pullies being extended horizon. 
ally, may juſt touch the ſaid Surface. 


You muſt have ſeveral of the leſſer round 
Boards, for making different Experiments. They 
have Paper paſted upon them on both ſides, that 


_ the Lines (to be mentioned hereafter) my be 8 


more eafily drawn upon them. 
| Experiment 1 ] Let C be the Center of tb 


ſmall Board, and let there be drawn upon it the 


Triangle AB C, whoſe Sides are to one another 
as 2, 3; and 4: Let CE he parallel to the fide 
AB of the Triangle, and let the ſide A C be 
continued towards D. 

No if there be three Threads ORE together 
at C, and ſtretched over the Pullies faftened to 
the greater Board, ſo as to be in the Lines CD, 
CE, and CB; it to the Thread C D you hang 


_ Pounds, CE 33 and-laſily, bur 2 to the 


and the Knot remains over. C; but 
2 R 


Thread CE, the Threads will not be mov d, 
t if it de 
at reſt. 


oY 
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In this Propoſition any Two Powers are balanced 
by 4 Third, that is, ac but as One; which acts 
contrariwiſe in the Ditection of that Third, | 
Therefore the Aﬀions of Two Powers may be re- 198 
Auced to the M of One. orien 
So when a Point is drawn by Four Powers, 

there will be an Equilibrium, if reducing Two 
Powers to One, this new Power, with the other 

Two remaining, be in the Poſition of Nanb. 196; 

that is, if thoſe remaining Powers. being alſo 

reduced to One, the Power ariling thence be . 

equal with, and aQs contrary to the new Power 


Experiment 2. Plate XIII. Fig. 9. | The Point 199 
C is drawn by four Threads; towards B by the 
Weight of 1 Pound, towards F by 3 Pounds, 

towards E by 2 Pounds, and laſtly towards 
D by 4 Pounds; and this produces an Æquili- 
brium. Having drawn the Triangle CF a, or 
the Parallelogram C F 2 E, the abovefaid Pow- 
ers drawing in CF and C E, are reduced to one | 
that acts in the Direction C a, with the Force ß 

4 Pounds; and then the Three Powers drawing 
in the Lines CB, C D, Ca, give us the Cass 
of Numb. 196: And therefore if the Powers 

drawing along C B and C D be reduced to One 
drawing along C A, it will act in the ſame Di- 

rection, but pull againſt the Power pulling in C a, 
and be equal to it. 5 „ 
What is here faid of the four Powers, might 

be ſaid of Five or more; for of Five, if Two be 

reduced to One, we come to the laſt mentioned 

% C5 

' Experiment 3. Plate XIV. Fig. 1.] The Point 200 
C is drawn by 5 Powers, pulling by the Threads | 


CA, CB, CD, CE, and CF, the Powers 
4 LD nos 11 n gb? fe 3 : are 5 


N 
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are to one another as the Weights by which the 
Threads are drawn, and they have the ſame 
Proportion to one another as the Numbers that 
you ſte at the Pullies in the Figure, and you have 
JV ODOOEIOS ES, 
The Powers drawing in CB and C D are re- 


dued to One drawing in C G. 


The Powers drawing in CE and CF, may 
be feduced to One acting in CH; which brings 
us to the Caſe of Numb. 196. Laſtly, thoſe Two 
new Powers drawing in C H and C G, are reduced 
to One acting in C a, which is equal to the Fifth 
drawing along C A, and pulls in the ſame Line, 


bat contrariwiſe. : 
201 


Befides this, we deduce from the Propofition 
mentioned Numb. 169, that the ſame thing may 
be faid of the Action of a Power, which has been 
ſaid concerning Motion in the foregoing Chap- 


1192 ter; namely, that it may be reſolved into the 


tons of Two other Powers, and that in num 
berleſs manners, becauſe Triangles of numberleſs. 
kinds may be made, tho you keep one fide ſtill 
the fame. Thus in all Engines we can reduce a 
Power that acts obliquely, to a direct one; and 
can determine the Proportion between a direct 
and an oblique one: Which will appear by the 
following Examples, that are confirmed by Ex- 
peliments. = © PE 


202 Experiment 4. Plate XIV. Fig. 2 and 3.) To the 


7 F 7 
8 ; 


Lever A B, whoſe Brachia are equal, apply at B 


the Weight P of two Pounds, and at A a Power 


acting obliquely in the Direction A D, and which 
is repreſented by the Weight M. If you imagine 


a Line, as D E, parallel to the Lever in a hori- 
Zontal Pofition; and A E perpendicular to that 


Lever; and if A D be to A as 3 to 2, and 
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an Equilibrium. i | 
The Direction of the Motion of the Point A, 
by the Motion of the Lever, is perpendicular to 
the Lever, therefore it acts in the Line E A pro- 
duced. As the Diſtance B A always remains the 
fame, in the ſecond Figure A is hindered from 


"the . be of three Pounds, there will be 


coming towards B, and as it were repelled in the _ 


Direction B A ;. in Fig. 3. the Point A is hin- 
dered from reced ing from B, and ſo A is as it 


were drawn towards B. Beſides, the Point A is 


by M drawn towards D; therefore that Point is 
drawn by three Powers, whoſe Directions are 
parallel to the Sides of the rn e AED; 


which therefore, to produce an Equilibrium, 


muſt be to one another as thoſe Sides. 


The Point A, by reaſon of the Equality of 


the Diſtances of the Points A and B from 


the Fulcrum, moving along E A, is drawn 
with the ſame Force as P deſcends, that 
is, with the Force of two Pounds; the Force 
therefore along A D muſt be of three Pounds, 
becauſe the Sides AD and A E are to one ano- 
ther as 3 to 2. The Side D E expreſſes what 
the Fulcrum ſuſtains by the Force with which 
the Point A in Fig. 2, is puſhed towards B, or is 
drawn from it in Hg. 3. IR Lond 

The ſame alſo may be ſaid of an oblique Power 
applied to the Axis in Peritrochio. FRETS 


| Experiment 5. Plate XIV. Fig. g.] Let theWeight 
P, fixed to à Pulley, be ſuſtained by Powers 


203 


applied on both ſides to the running Rope, but 


drawing obliquely in the Directions C A and 
CB; theſe Powers are equal to one another, be- 
cauſe no part of the Rope that goes about the 
Pulley can be at reſt, unleſs it be equally drawn 


on both ſides. The Weight F is as it were a U 


f third 


os 


— . HDR OOF . Ms. 


1 


third Power, and ſo the Point C is drawn y 


*196 


5 Am, E 
of the Weights Q, T 
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three Powers; ſuppoſe the Line CE perpendi- 
cular to the Horizon, and the Line A E parallel 


to CB: if CE be to AE ot AC {for theſe two 
Lines afe equal, becauſe of the above-mentionel 


uality of the Powers N along C 
ht as 6 to 5, the Weight P of 6 one 
will be ſuſtained by the Weigl = Q and Q or 
5 Pounds each; — Reaſon o which is evident 
by Prop. 196. | 

If — end of the running Rope is faſtened to 


Experimett 6. Plate XIV. Fig. 59] If * Weight 
Þ be nor Joined to the Pulley, but ſuſtained: by 
the Ropes CA ind CB faſtened to it; it may 
be ſuſtained by two unequal Powers. Draw the 
Triangle C A E, as was 4 ka in the foregoing 
Experiments; and let AE be 11, and CA 12 4; 


and CE 12; you will have al HRquilibrium, 


if the Weights Q and Quare to P as the firſt Num- 


bers to the d; the Reaſon of which Experiment 
is alſo evidem from Na#b. 196. 


205 


Here we are to obſerve, that from the given 
Inclinations of the Threads C A and CB 19 the 
Horizon, the Proportion of the Weight Q and 
io ihe Weight P tnay be determined by Tri- 


gonometrical Tables, If in the Triangle ACE 
you conceive a Line A e drawn thro” the Point 


A parallel to the Horizon, and that Line be 


taken for 4 Radius of a Circle, C A will be tht 
Secant, and 6 C the Tangent of the Angle which 


| © A makes with the Horizon; and A E will 


be the Secant, and e E the Tangent of the Angle 
of Inclination of the Thtead C B to the Hort 
zon: Whence it appears that the Weights Q, Q 


"US OOO to the * decants, And that the 


k 
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J Weight P follows the Proportion of the Sum of 
te: MW the aforeſaid Tangentns . 
10 On the Machine with which theſe laſt Experi- 
6d WM ments are made, (the Make of which the Figure 
B, alone ſuſficiently expreſſes, eſpecially if it be 
compared with the 4th Fig. of Plate IV.) draw 
of ines along which the Threads that go over the 
m Poullies may be ſtretch d; in the middle of the 
Lines write down the Numbers, which expreſs 
to be Secants of the Angles which thoſe Lines make 
ne uit the Horizon; and at the Ends of the Lines 
write down the Numbers expreſſing the Tangents of 


„ Witcle Angles. {25754 Eng Ties 16,5. 
zht Now in every Caſe where there is an Fquili- 
by bium, the Weights Q and Q are as the Num- 
ay bers in the Middle of the Lines along which the 
he I Tbreads are ſtretchd; and the Weight P as the 
ng Sum of the Numbers at the Ends of thoſe: Two 
4 Lines. . 1 5 i EF. open | if N #4cy 
= Experiment 7. Plate XIV. Fig. 6.] For this Ex- 206 
ant eriment we muſt make uſe of the Machine of 


umb. 143. Plate VII. Fig. 7. The Body.M be. | \. 


en g laid upon an inclined Plane AB, is ſuſtain d 
he a Power drawing along M Sz let MR bea 
nd ne perpendicular to the Horizon, and A S R 
ri. erpendicular to the Surface of the Plane; in e- 
5 y Caſe where the Weight P is to the Weight 


f — Body M as MS to MR, the Body will be 
ie 8 E 8 | 
W The Body M by its'own Weight is drawn. in 
e Direction R M, by the inclined Plane it is ſu- 
ind in a Direction perpendicular to the Plane, 
nd ſo that Experiment is reduced to the Propo- 
tion of Numb. 195. . . 


Experiment 8. Plate XIV. Fig. 7. ] The Brachia 20 
i the Lever A C B are equal, and form ſuch an 
e Angle 
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Angle, that if A C be continued towards D, and 
BD be drawn perpendicular: to CD, DC hall 
be the half of BC or CA. At A hang one 
Pound p, and at B the two Pound Weight P, then 
ſetting the Brachium C A in a horizontal Poſition 
| * 105 — will have an Equilibrium; * becauſe the 
Weight P hangs as it would do upon a Ken 

Lever hanging at the Point DP. 

Change the Weights, and let the greater hung 
at A, _ the lefler be laid upon the Brachium 
BC at- B; (Plate XIV. Hg. 8.) if by a vertical 

Plane you hinder this laſt Weight "rl falling oft, 
you will again have an Æquilibrium. 
The Brachia of the Lever are equal, and by che 
Motion of the Lever move equally therefore by 
the Force of the Weight P, the Weight p is as i 
were drawn towards E, in a Direction perpend}- 
cular to the Brachium B C by the AQtion « of the 
vertical Plane, that Weight 3 is puſh'd horizontally; 
and at laſt it is puſh'd vertically by the Force of 
Gravity. Therefore the Weight p is drawn by 
| three Powers, which are to one another as the 
* 156 Sides of the Triangle BED. * Therefore the 
Force tending towards the Farth, (that is, the 
Weight p to the Force drawing towards E, namely, 
the Weight P) is as B D to BE, or D C to C 
or CA; that is, as 1 to 2: Which is alſo the Ra. 
tio between the Weights p and P. And | here 
therefore rhe Reaſon of the Experiment i is deduced 
from the often mention d Propoſition of Nun. 
196; to which all other Cafes RS relating 
to qr gere alſo po he 8 : 
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ull i CHATS IO 1 
ben 07 the Projection of heauy Bodies. 


bt Body moved by two Impreſſions, has a „ 

5 A Marion compounded of both; * if 4 Body a0 

arg Wi: jrojeted, or thrown in the Line A B, (Plate XV. 

um g. 1.) in the Time in which it could run the 

ical ength A B, it is by the Force of Gravity car- 

off, ed towards the Center of the Earth the Length 

Ik, and fo by a Motion compounded of both, 

che t is moved in AF; and by that Motion the 

e by ond Moment it would run through F C, e- 

48 it ua to AF, if that ſecond Moment it was not by 

ndi- e Force of Gravity carried in C G, fo that the 

the lotion in the ſecond Moment is in FG: After 

ally; e fame manner, the Motion in the third 

e of loment is in GH, and the fourth Moment 

i % H; but as Gravity acts continually, thoſe. 

the Wloments of Time are to be look d upon as infi- 

.the itely ſtnall, and ſo you will every where have 

the MW Motion compounded in different Directions; 

nely, Wat is, an Inflection of Direction in the Body's 

CB lotion; in that Caſe therefore it will move in 4 

was h. e of « projeted Body, of Projedl 

here s Motion of a projetted Body, or Projectile, 200 

uced May be conſider d more fimply in all Projections OM 

umb. nich we make ; becauſe all Lines which tend to- 

ating {Wards the Centet of the Earth, may be look d 

pon as parallel, and the Direcrion from that 

I bocion is always the ſame; when the projectile 
otion 7s made up of two Motions, the firfl equa- 
em the Line of .1be Projection, and the ſecond 
elerated towards tbe Earth. * . 12% 


Let a Body be projected in the Line A D, pa- 
H 2 


— 
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nel to the Horizon; in equal Times, by that 
. . Motion 


| 
\ 
4 
; 
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Motion, it will run thro' the equal Spaces 4] 


therefore if after the firſt Moment the Body 


. 


pendicular to the Horizon, be carried in the] 


will run in a Curve, which goes through all t 
Points that may be determined in the ſame many 


M 5 
The Machine made uſe of for proving d 
Proportion experimentally, is made of thr 


Height: The Length þ H is of 12 Inches, ſupy 


Braſs Ball may freely roll down it; but care m 


the third Part C, this laſt reaches to f, and / 
V 88 


P Nee ha 


BC, C D: by Gravity it will, in a Motion p 


rection BF, CG, or D H, which here are fi 
poſed parallel; this Motion is accelerated, x 


at the Point F, after the ſecond it will be at( 


after the third at H; ſo that if you call BF On 
CG will be Four, and DH Nine. * The Bol 


as F, G, H, and that Line is call'd a Par 


Parrs, as may be ſeen in Plate XV. Fig. 3. 
is 6 Inches high, D E is exactly of the fin 


fing the Point H to be diſtant 1 Inch from t 
End of the Cavity in which it is taken. 
Let E A be hollow'd circularly; or in any oth 
Curve; and let this hollow Channel be oval 
with a Plate of very ſmooth Tin or Braſs, thi 


be taken that the lower Part of the Curve at 


ſhall have a horizontal Direction, that the 1 


may quit it in that Direction. 


Ab muſt be divided into 9 equal Parts, 


which A is 1, and Ag contains 4. 

When to this firſt Part of the Machine, you a 
the ſecond B, (Plate XV. Fig. 4.) it reaches to 
and g G is 8 Inches long: If upon this you i 


The Diameter of the Ball P, which in mal 
the Experiments is to be let fall along the Cu 
E A, is of about half an Inch; neither muſt: 
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I. or a bigger Machine than what is here men- 


Reſiſtance; as ſhall. be ſhewn in its Place. 
When the Ball P is let fall from E, running 


elocity, as appears to be a always the ſame in ſe- 
zal Trials; and with that Velocity and horizon- 
tal Direction, it continues its Motion. 5 


Parts of the Machine, as in Fg. 4. let go the Ball 


amy the leaſt Part C, and let the Ball come down 
as before, and it will- ſtrike G. Laſtly, rake away, 


ſtrike againſt H. 


and G, the Point of the Stroke will be exactly 

mark d. this will not do ſo well in the Point F, 

kecauſe of the greater Obliquity of the Motion 
there ; but by i pos the Experiment, the 
ira F will be well enough determin d by Sighr 
bly 


The Propoſition of Nunb. 134. may be experi- 


ue already faid, the Ball running down EA will 


frike the Point H. 
Coming down E A it acquires 2 Celerity which 


tar Celerity it is horizontally projected from the 
acording to that Ditection, whillt by its Fall it 
the oO A h or r ED. 


; a SE | 
L * £.4Y : 
7 1 4 4 
N 7 ** 4 x © 4 4 


e Having join d together the ts | 
P from E, and it will ſtrike the Point F. Take 


If you ſtick on a Piece of ſoft Clay upon 11 


mentally confirm'd by this Machine; for as we 


'oint A, and ir moves the Length h H equably 


42 "Wha 


joned, be made uſe of; for the leſs the Bodies 8 
Ire, and the ſwifter their Motion, the more in 
Proportion is the Motion rerarded by the Airs 


down the Curve E A, it acquires ſuch a Degree of 


the Part B, and the Ball deſcending as before, W. 1 


211 
it could have acquired in falling in E D;“ with * 159 


bes thro” A h, equal to ED; but 4 1 is double 0 5 


212 
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What has been ſaid of the Curve deſcribed by a 


Body projected horizontally, may alſo be apple 
to any Projection. 


43 


Let the Body be projected in the Diretticn AE 
(Plate XV. Fig. 5.) ge let AB, BC, CD, DE 


be equal; the Body will 8 throu gh the Curr 
| AFGHI, ſo thar BF, C 
one another, „ 4, ©, and 16; in which Gale 


DH, EL will be to 
the Curve is alſo call d 2 Parabola, 


Drrixirion. 


Let Al be drawn horizontal, and the Cur 


above · mention'd will cut it in I; "Al is eall d the 
Amplitude of the Projection. 


The Motions of Bodies projected with the ſime 
Celerity, but different DireCtions, may be comps 
red together. 

Let A L be the Height to which a Bod 
thrown up with a determinate Degree of Celerity 
may riſe; Let the Body with the ſame Cele 
rity- be thrown along A B, cutting in B the Semi. 
circle deſcribed on the Diameter AL; let AB 
expreſs that Celerity, and MB be parallel to the 
Horizon. The Motion in AB may be reſolvd 


* 152 into two others; * the firſt along MB a horizon 


tal, and the ſecond along A M a vertical Line; 
and it is only by that ſecond Impreſſion that the 
Body aſcends: The Height therefore to which 
the Body aſcends in that Caſe, is to the Height to 
which it would aſcend with the Celerity A B, 3 


* 138 the Square of A M to the Square of AB; * that 


as AM to AL; but this is the Height to which 
the Body aſcends with the Celerity of the Proje 
Etion ;; therefore alſo A M is the greateſt Heigh 
to which the Body comes in that Projection. Ii 
the Time of the Aſcent in A M, the Body wi, 

. | ſ 


by an uniform Motion, with the ſame Celerity | 


lied WY with which it moves in A M, in a horizontal 
Motion go thro twice the Length of the Line 
AEM MB; and as the Time of the Fall is equal to 


DEM the Time of the Aſcent,* the Amplitude A B. is 


urve four times the Length of the ſame Line M B. 


136 . 


e to Now this Demonſtration will ſerve, whatever the 


aſe lnclination of the Direction of A B is. Whence 


we deduce, . a | ps” 

1. That the Amplitude is the greateſt, with the 

ſame. Celerity, when the Angle of 1he Projection is a 
half Right Angle. For then the Line m being a 
une Radius of the Semicircle, is the greateſt of all. 


214 


the 2. Except this Caſe, there are always two Inclina- 


tions, that give the ſame Amplitude; for if thro B, 


am: WW B“ be drawn parallel to A L, cutting the Semi- 
ape. circle at 5, and 2 6 parallel to the Horizon; this 


Line will be equal to MB; therefore the Am- 
plitude of the Projedion in the Direction A b 
will alſo be AT. ka the ſecond Part of the fol- 
periments. | 

If the Celerity be changed, and the Body pro- 
Med in the ſame Direction, the Amplitude is 


that is, the Amplitudes, the Direction remaining 
the ſame, are as the Heights to which Bodies, 


aſcend ; and 
the Gelerities, 


lowing Book, all this will be confirm d by Ex- 


changed, in the ſame Ratio as the Diameter AL; 


with the fame Celerities, being thrown up, may 
therefore they are as the Squares of | 
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Body in Motion, continues its Motion inal 
Rishi Line, and does. not recede from i it, 


unleſs a new Impulſe acts upon it; after ſuch 


an Impulſe the Motion is compound, and ſo 
from the two there ariſes a third Motion in a} 
Right Line alſo.* If therefore a Body is moved 


in a Curve, it receives a new Impulſe every Mo- 


ment; for a Curve cannot be red uced to Right, 


Lines, unleſs you conceive ir divided into Parts in- 


finitely ſmall. We have an Example of that Mo. 
tion in the Projection of heavy Bodies; and ano! 
ther in all Motions round a Point as a Center. 

If a Body that is continually driven towards a 
nter, be projected in a Line that does not go thro 
that Center, it will deſcribe a Curve; and in al 


the Points of i it, it endeavours to reced e from that: 


218 


Curve, according to the Direction of the Curvaturez: 
that is, of a Tangent to the Curve; ſo that if the 
Force driving towards the Center ſhould imme: 
diately ceaſe to act, the Body would continue i 
Motion in a Right Line along the Tangent. 

A Stone whirl'd round in a Sling deſcribes aq 
Curve, becauſe the Sling does every Moment a8 
it were, draw it back towards the Hand; but it 


you ler the Stone go, it will fly out in the Tan: ; 
gent of the Curve. 


DEFINITION I. 11 

The Force with which a Body in the Caſe above 4 
mention d endeavours to fly from the Center, ſuch 
the Force by which the Sling in Motion is 
ſtretch d, ts s call d, a COPY Force. = 
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But the Fo orce hy which a Body is drawn or im- 21 9 
fell d rowards that Cemter, is call 4, 2 Centri 255 | 
Bae Une? | 


Derixirron m. 


Theſe Forcesare by a common Name call'd cen. 220 
tral Forces. ED: 

© In all Caſes the centrifugal and centripetal Forces 221 
are 2 to one another; for they act in contrary ö 
Directions, and deſtroy one another. 

The whirPd Sti ing is equally - ſtretch'd both 
ways, and the Stone endeavours to recede from *x25 
the Hand with as much Force as ir is draun to- | 
wards it. ms 

Central Forces are of great Uſe in Nate | 
Philoſopby ; for all the. Planets move in Orbits, 
and moſt” of them, if not all, turn pe their 5 
Wes... 

I ſhall chuſe out the chief Mroge tees relating 
to theſe Forces, and confirm them by Experi- 
ments; but firſt we mult deſcribe the M I 
with which theſe Experiments are perform d. 


Blas XVI Fig. 1, and 2. Ai is a round Board "—+ 
or Table of 2 Feet and 2 half Diameter; whoſe 
vertical Section is ſeen in Fig. 2, in which a 4 re- 
preſents the Section of the Table it ſelf, and g - 
the Section of its turn d Foot, which is join d 
perpendicularly to its Center; this Foot or Sup- 
porter of it conſiſts of two Pieces ſeparated at D, 
which are fix d together by four ſmall Irons, | 
OY Ends are rwetted to Rings of the fame 

eta 5 
The upper Part of the Foot' 145 a Groove, 
round it at c; and has a cylindric Hole chro it 
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The Frame of the whole Machine repreſent- 
ed at, C, is very folid ; and one fide re- 
ceives the Foot of the Table A, which paſſes 
freely thro' an Hole in the upper part of the 


Frame C; to which is firmly Join'd the wooden 
Collar F of Fig. 3. which fits into the faid upper 


Part of the Frame. 


The Table with its Foot bears upon the erof 
Piece E D, which has a Plate of Iron to receive 
the Braſs Center h. This tranſverſe Piece is fix d 


hut juſt above the Feet of the Frame, that when 


the Table- Foot is let down upon ir, the Groove 
cc may be but juſt above the wooden Collar; 


to the top of which are ſcrew'd down two Iron 


f Plates RR (Hg. 3.) by four Screws, ſuch as 
35. In this Poſition the Table will very freely 


move horizontally about its Center; and that it 
may move the more eaſily, there is ſlipp d on up- 
on the Foot cloſe to the Table, (where it is not 


round, but fix or eight ſquare) a ſmall Wheel or 


Pulley, whoſe Section you ſee in b b, and which 
iS ns to. the Table by means of the Screws e /, 
e There muſt be three other ſuch Wheels, 


_ whoſe Circumferences, taking them at the bottom 


of their Grooves, are to one another as one, two, 
three; the leaſt of all the Wheels is of about; 


Inches Diameter. | „ 
Another Table B, made juſt like the firſt, is to 


be whirl'd about round its Center in the oppoſite 


part of the Frame C. Tho” there is a ſmall dif 


of the Foot has an Hole thro it as well as the 
upper, rb 5 Hg. 4.) yet it is tum' freely, 


ole in it to receive the little Pipe of another 
Plate M, whoſe vertical Section is ſeen at L., 
and which is fix d to E D the other croſs Piece 
of the Frame at the place m. This croſs Piece 
1 | 


2 


mult 


d to its bottom a Braſs Plate with a 


* 
5 Er , a . Aa. e e 6 — 


Book I, of Natural Philoſophy, 1 
muſt be bored thro' to anſwer to the Hole of 
the Plate, in ſuch manner that a Thread may 89 
from the top of the Table quite thro' the whole 
Foot and the Piece ED. Such a Wheel as 5 b 
is made faſt to this Tahle immediately under it, 
and is in bigneſs juſt equal to the leaſt of thoſe 
which are made to take off and on, belonging to 
the Tabs. A; us . Hil 
The two Tables A and B may be whirl'd ver 
ſwiftly, either ſeparately or both together, by 
help of the great vertical Wheel Q: for per- 
forming of which, you muſt make uſe of the 
Machine of Fig. 5. which is a wooden Plane or 
ſtrong flat Board, to which is perpendicularly 
fix'd a herring we in whoſe upper Surface 
are vertically fix'd the two Pullies v v, at the 
Ends, and ſidewiſe at one End there is another 
Pulley as t, which is horizontal. This Surface, 
when the Machine is applied to the Frame, is 
in the ſame Plane with the ſmall Wheels of the 
Tables. 7 15 TER 
If B alone is to be whirl'd, the Piece of Eg. 5, 1 
is to be fix d to the Frame C, by help of rwa | 
Screws going thro' ſuch Holes as x in the lower 
part of the Piece, which muſt be ſo fix d in re- 
ſpect to the little Wheel of the Table, as is re- 
reſented in Fig. 6. where b repreſents that little 
heel: the Rope goes round the great Whzel Q, 
and from its lower part goes from d towards u, 
goes round the Wheel ö, and againſt the Pulley t, 
towards c, and ſo comes back to the upper part 


of the Wheel O. 5 9 
Tbe ſeventh Figure repreſents the Poſition af 1 
the Machine or Piece of Fig. 5. when both Ta- = 
bles are to be whirl'd round at once. A fight of [8 
the Figure ſhews the way of the Rope, which 
from v goes down to d, and ſo to the lower part 


of the great Wheel. 
. 1 ö * 5 Big 


* ͤ—1ũ—ä— ñ ——— —ä—ĩA—P— wes « — « — 


and there muſt be two ſuch Weights. 


223 When a Body laid upon a Plane, tit inobs - 
© Time, and about the ſame Center, revo w. 


ro2 Mathematical Elements Bock I. 

' Beſides this, in ſeveral Experiments you muſt 
make uſe of long Boxes or Troughs I F, IF, 
which are laid upon the Tables, and fix'd to them 


with Screws; the Center of every one of theſe 
Boxes lies juſt over the Center of the Table 


where there is a Hole equal to the Hole g, f 
(Hg. 2.) and exactly anſwering to it, in which 
Hole of the Box is thruſt a wooden Cylinder N, 


(Hg. 2.) as may be ſeen at G: thro* the middle 


of this Cylinder goes a little Glaſs Tube of about 


a Quarter of an Inch bore, whoſe Ends are 
thicken'd at the Flame of a Lamp, fo às to make 
the Hole ſomething leſs and ſmooth; that a 
Thread or ſmall String may run up and down 
thro' it wirhout any ſenkible Fa 


One of the Troughs holds a Ball, tied to a 
Thread which goes thro' the above-mention'd 


Tube, and is alſo faſten'd by à Screw to the 


Weight O, (Fig. 7.) which lies in D the Sepa- 


ration of the Foot. This Weight is laid upon the 
lower half of the Foot, from whence" it' is raiſed 
up as the Ball recedes from the Center of the 


„„ 


This Weight is a round Plate of Lead, and of 


about 2 Inches Diameter; it has a Braſs Cylinder 


receive the String, is cleft into two Parts, which are 


drawn together by means of a Screw: this Plate 


of Lead with its Cylinder weighs” half a Pound; 


There are ſeveral other Weights, ſome of half, 
ſome of a' quarter of a Pound, repteſented by P, 
(Fig. 7.) which are to be laid upon the faid Weight 
O; that one may at pleaſure vary the Weight to 
be raiſed by the Ball: el en en Ens DIET E: 


e with that 
a. Plane, 


* 


T + 
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if Plane,, «fs Jo deſcribe @ Grole. i the cemripetal 
Force, by, which: the Body is every moment drawn 
or impelled towards 1 he Center, ſhould ceaſe to act, 
and the Plane 177 continue to move. with the 
ſame Celeriiy; ibe Body. will begin to recede from 
the. Center ( reſpect of the Plane) in a Line 
which ee "the Cen, boa tht 


Experiment. 1 Take à Ball mic is ide to 2 
Thread, the other End of the Thread being fa- 
ſtened to the Center of one of the Tubes ri or 
B, and lay it on the Table, which muſt be whirled 


| here the is at reſt in reſpe&t of the Table, 
and in that fituation it is retained only by the 
String . faſtened to the Center; therefore it ſuf- 
fers no Impreſſion in that Plane, except that by 
which: the String is ſtretched, that i is, whoſe Di 
rection paſſes thro': the Center of the round Ta- 
ble; and ſo, if it be left to it ſelf, it cannot the 
firſt Movement move in any ocher Direktion in 
that Plane. 


tion it comes nearer to the Center, its : Motion i is: 


accelerated; but on the comrary retarded, n it re- 
cedes from the Center. \. 4+ a 


Experiment 2] Let ahi Trough l. en ch 
whoſe Center the Cylinder G, with its Glaſs Tube, 
is fixed into the Center of the Table B. be faſtened 
to the ſaid Table. 

Let the Ball L tied to a Thread be laid i in the 


mentioned, as alſo thro* the whole Foot of the 
Table, and the croſs Piece at bottom that ſuſtains 
the Foot, and then- Wit va: hand _—_— the End -- 
* 9 2 rp 


fingly ſo 5 el the Ball is carried round with it; 


When a Body 2 moves alen 2 Center, in ire Me- 224 


* 


Trough, and the Thread put thro' the Tube above- 5 
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Let the Table be turned round, and you will 
obſerve, that during that Motion the Ball will 
apply it ſelf to one fide of the Tropgh, and is 


carried round ſo as to move with the fame Velo- 


city as the Trough. Let the Thread be pull d, 
i as to bring the Ball nearer to the Center, ani 


it will immedjarely ſtrike the oppofite fide of the 


Trough, becauſe it moves faſter than the Trough. 
If you bring your Hand nearer to the Foot of 


the Table, ſo as to give more String, the Ball 
recedes from the Center, and ſtrikes the firſt fide 
of the Trough, as moving more flowly than the 
Trough. e e 
This Acceleration when a Body approaches 
nearer to the Center, and Retardation ' when it 
tecedes from it, is determined by Geometrici- 
ans: If a Body, for Example, which is driven 
_ towards the Center C (Plate XVI. F. 11.) be 
moved in the Curve A E, it will move faſter at 
E and flower at A: Draw the Lines A C, B C, 


und E C, DC, ſo that the Areas ABC and 


DEC may be equal to one another, the Parts 
AB and D E of the Curve are deſcribed in equal 


225 Times by the Body; and therefore, 2 Body that 


s retained in a Curve, by a Force tending towards 
a Enter, is ſaid to deſcribe round that Center 


Areas proportionable to the Times. 


226 The inverſe Propoſition is alſo demonſtrated, 


. =y 


namely, That 4 Body which is moved in any Curve 


in 4 Plane, and deſcribes about any Point Areas ro- 


portionable to the Times, is turned out of the Right 
Line, and urged by a Force tending to ihat Pant. 


227 The greater the — of Marter in any Bab) 


it, the greater is its centriſugal Force; which ariſes 

a greater Quantity of Motion 
228 If Liquors of different Denſities be included 
in a determinate Space, ſo that the heavier can 
not recede from the Center, unleſs the lighter 


come 
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111 come towards it; and they be diſpoſed, that by 
i MW theirWeight the heavy Fluid comes to the Center; 
is upon moving the whole about that Center, the 
o- light Fluid will come towards the Center, and the 
d, heavy one fly from the Center. | 

id If a Solid be included with a Liquid in a de- 
he terminate Space, the ſame may be ſaid, as was 
bh. WM faid of the two Liquids: If it be lighter than the 
of Liquid, it will come towards the Center; if hea- 


vier, it will recede from it. All which ariſes. 
5 the great Centrifugal Force in the heaviet 


Experiment 3. Plate XVI. Fig. 8.] Take out 
Glaſs Tubes of about one Inch Diameter each, 
ind 2 Foot long, and having hermetically ſealed 
them, let them be firmly tied to an inclined Plane. 

In the firſt, you muſt have Quickfilver and Water; 
in the ſecond, Oil of Tartar per deliguium, and 
Spirit of Wine; in the third, Water with a Lea - 
den Bullet; and laſtly in the fourth, Water with 
a Piece of Cork z and all of them muſt be about 

This inclined Plane muſt. be faſtened to the 
whirling. Table A or B (Plate XVL Fig. 1.) ſo 
that the lower Part of the Plane may come almoſt 
to the Center of the Table, by means of twyo 
Screws, one of which goes thro' x (Hg. 8.) Let 
the Table be whirled round, and immediately 
the lower Fart of the Tubes will remain empty, - 
and the heavier Bodies will go to that Part of the 
Tube which is fartheſt from the Center; the Cork 
deſcends and ſticks to the lower Part of the Wa - 
ter, whilſt the Leaden Bullet goes to the Top of 

Central Forces not only differ on account of the 229 


with weicht 
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Body is moved round: There is 
Fe 5 nothing Dy, 


231 
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Departure from and Return to a Point: If the 


we muſt take a Line paſſing thro its Center. 


revolving Bodies. 


ble A; fo that if the two Tables A and B be 


Put a Ball L of half a Pound into the Trough 


the Feet of the Tables, in ſuch manner that the 
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nothing elſe that can make any Difference in theſe 
Forces: And theſe are all the Things to be con- 
ſidered when we compare them together. 

The Periodical Time, is the Time in which ; 
Bady going round à Center | performs one whole Re. 
volution; that is, if ir deſcribes a Curve that re. 
turns into it ſelf, the Time elapſed between its 


Curve does not return into it ſelf, inſtead of a Point 


The Periodical Time depends upon the Celerity I 
of the Body; and therefore in comparing'central I Bad. 


Forces, it muſt be taken for the Velotit 7). e 


pen the Periodical Times art equal, and iht 


Diſtances from the Center are alſo equal; the cen. E 


tral Forces are as the Quantitiet of Matter in tie im 
OTST T-TEST a IH 


- 
* 


1 


. Experiment 4. Plate XVI. Fig. 1.4 Of the three othe 
Wheels or Pullies þ þ6, mentioned in the Deſai- 
ption of the Machines, apply the leaſt to the Ia. 


whirled at the ſame time by the Motion of the 
Wheel'Q, they may run round in equal Times; 
to each of them fix the long Troughs I F, IF; 
and the Cylinders G G that contain Glaſs Tubes, 
muſi be thruſt thro' the Center Holes of the 
Troughs quite into the Feet of the Table. 


of the Table B, and a Ball L of one Pound in the 
Trough of the Table A: Threads tied to the Balls 
go thro' the little Tubes G G, and are faſtened to 
Weights placed in the Separations or Hollows of 


Diſtances of the Balls from the Center, when the io 
Threads are ſtretched and the Weights ' = | 
gies © 2. iel, 


niſed may be equal; now if the Weight in the 


Separation or Hollow of the Foot of A be one 


Pound, that in the Separation of B muſt be half 
1 Pound; or if this laft ſhould be one Pound, 
the other muſt be two Pounds. i 
Let the Wheel Q be turn'd round faſter and 
filter, till by the centrifugal Force of the 
Bills the Weights above-mentioned be raiſed, 
nd both Weights will be lifred up preciſely at 
the ame Time; therefore Weights that are as the 
Bodies, will, ceteris paribus, be overcome by the 
centrifugal Force. 


When the Quanti 


wantities of Matter in the revolving 
Bodies are equal, and the Periodical Times alſo equal, 


the Forces are as the Diſtances from the Center. 


it N 


232 


Experiment 55 Plate XVI. Fig. I.] This Expe- 5 


ment is made in the ſame manner as the forego- 
ing; inſtead of a Ball of half a Pound, put in 
the Trough of the Table B a Ball equal to the 
other thar is of one Pound. Let the Diſtances 


from the Center be taken in. any Proportion; if 


the Weights join'd to the Balls be in the fame 


Proportion, and the Wheel Q be moved faſter 
and faſter, you will ſee the two Weights riſe ex- 


atly gt the ſame Time. As for Example, if 


the Diſtance of the Ball upon A be of 12 Inches, 


nd the Weight join d to it of 1 Pound and a half; 


and the Diſtance of the other Ball of 8 Inches, 
and the Weight join'd to it of 1 Pound, the Ex- 
periment will ſucceed. _ VV 
When the periodical Times are equal, but the Di- 
ances and the Quantities of Matter inthe revolving 
Bodies differ, the central Forces are in a Ratio com- 
founded of the Quantities of Matter and the Di. 


Quantity of Matter in each Body muſt be multi- 


„ 


lances; which follows from the two laſt Propoſi- 
ons. To determine that compound Ratio, the * 


233 
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plied by its Diſtance from the Center, a nd the Pro. 
ducts will be to each other in the Ratio aforeſaid, 


Experiment 6.] If in the laſt Experiment the 
Ball upon B be changed, and you place a Ball 
of half a Pound at 8 Inches from the Center, and 
you alſo change the Weight Join'd to it, and hal 
a Pound be uſed inſtead of a Pound; the Exper; 
'ment will alfo then ſucceed, and the Weights will 
begin to riſe at the ſzme time. If you multiph 
the half Pound Ball by its Diftance of 8 Inches 
©} the Product is 4, and multiplying the 1 Pound 
Þ - Ball by 12 Inches, its Diſtance from the Center 
the Product is 12, which Products are to on 

another as 1 ro 3; that is, as the Weight of h1 

a Pound to that of 1 Pound and a half, which ar 

in this Experiment both lifted. up at the fame 

Moment. 5 0 
The Differences of central Forces ariſing fron 
the different Diſtances from the Center, and the 


different Quantities of Matter, may compenſit bey 

234 one another; for ſufpeſing the Quantil ies of Nu and 
Ter in the revolving Lodies 10 be in an inverſe EI 

tio of the Diſtances ſrom the Center, the Cen die 

Forces will be equal; - as much as one Force i the 

\ . greater in reſpect of the Quantity of Matter, f the 

much does the other exceed it by reaſon of it Wh 
V 

OR Krlgp fe) 75 OY ; 25 
Experiment .] Let a Ball of half a Pound be wh! 

placed at the Diſtance of 14 Inches, and a Bü cha 

of one Pound at the Diſtance of 7 Inches; ever N 

ding elſe being as in the Oregoing ExperimenM | 
: if the Weights in the Foot or Spindle of end dete 
PVPVVVVVVVVVVVCVCTC TY RE | 

235 © There is a Caſe of this Propoſition, when two hi = 


dies join d by a Thread revolve about their com 
| ES % RTE TO ud 
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= 
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bu Ger of Gravity. For the Diſtances from that 


Center are in an inverſe Ratio of rhe Weights of 
the Bodies, * and therefore the central Forces are 
- the Wi equal. By the Force by which one Body endea- 
Bu wars to recede from the Center, the other is drawn 
towards ir; and by reaſon of the Equality of the 


whoſe centrifugal Force overpowers, recedes from 
the Center, and carries the other Body along with 


Experiment 8. Plate XVI. Fig. 10.] Let two 
unequal Bodies P and Q be join d by a Thread, in 
which you muſt mark the Point C, which is the 
common Center of Gravity of thoſe Bodies, 
when the Thread is ſtretch d. 


ble, and fix upon it a long Trough that reaches 
beyond the Diameter of the Table both ways, 
and whoſe middle Point is over the Center of the 


dies above-mentioned, and the Thread that joins 
them being ſtretch' d, the Point C muſt be put in 
the Middle of the Trough. When the Table is 
whirl'd round, the Bodies are carried round with 


removed from the Middle of the Box, upon 
whirling the Table, both Bodies will be carried to 
that End of the Box which the Point C was placed 
aelt fp a | 

The Difference 
determined from the Difference of the periodical 


Time, | | 
When the Quantities of Matter in the Bodies 
whird round, and the Di Hances from the Center are 


2 


9 


7 98 
90 


Forces, they retain one another, and continue their 
Motion; if they revolve about any other Point, 
they do not continue their Motion, and the Body, 


In this Experiment you muſt uſe but one Ta- 


Table. In this Trough you muſt place the Bo- 


it, and remain at reſt in it. If the Point C be 


of the central Forces is alſo 


236 


equal, the central Forces La in an inverſe Ratio of ; 


237 
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the Squares of the periodical Times; that is, d 
_ rettly as the Squares of the Revolutions made in 


the ſame Time, WE; 5 
Experiment 9. Plate XVI. | Fig. "8 To the Te 


ble A apply a Wheel or Pulley, ſuch as h 6, ( Fg.2) 


whoſe Circumference is double the Circumference 
of the Wheel which is fix d to the Table B; þ 


that when the two Tables are whirl'd both toge 


ther, B ſhall go round twice for A once; that is 


the periodical Time of that ſhall be double the 


periodical Time of this. "0 
In each Trough IL, I L, 1ay. a. Ball of one 


Pound at equal Diſtances from the Center, The 


11 laid on the Table B mult be tied to tm, 
Pounds in the Foot, and the other Ball upon 4 


is join'd by its Thread to half a Pound in the 
Foot. Upon whirling the Tables, both Weighs 


will riſe at the ſame time: Which Weights ar 
here as 1 to 4, the periodical Times being as 2 t 
1, whole Squares are reciprocally as 1 to 4. 

_ However the central Forces differ from one aur 
ther, they may, accord ing to what has been ſaid 
be compared to one another; for they are ulwi! 
in a Ratio compounded of the Ratio 8 the Quan. 


* 231 ties of Matter in the revoluing Bodies, and it 
* 232 Ratro of the Diflances from the Center, * ard aj 

' an inverſe. Ratio of the Squares of the periodidl 
* 236 Times. * If you multiply the Quantity of Matte 


in each Bod by its Diſtance. from the Center, 
and divide the Product by the Square of the pe 


riodical Time, the Quotients of the Diviſion mil 


be to one another in the faid compound Ratio, 


* # > 


that is, as the central Forces. 


i Experiment 10. Every thing being prepared 45 


Pound, at the Diſtance of 8 Inches from ie ,; 


Center 


G21 Bo", * 
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Center of the Table B, and let it by the Thread 
be ſang to one Pound in the Foot; let another 


Ball of one Found be placed at the Diſtance of 
„ [ncbes from the Center of the Table A, and 
722 join'd with a Weight of 3 Quarters of a Pound; 
ren bill the Tables, and the Weights will be raiſed 
© Mult at che fame time. 1 | 
tog. Here the Bodies ate as to 1; the Diſtances 
5 38 to 12; the Squares of the periodical Times 
= 


51104; mnltiplying one balf, by 8, and divi 
ling the Product by 1, the Quotient of the Di- 
ſihon is 4 3 multiplying 1 by 12, and dividing 


by the Product by 4, the Quotient is 3. Therefore 

dende central Forces are to one another as 4 to 3, 

on 1 vich Ratio alſo the Weights in the Feet have to 

1 the one another. 3 =: | 10 | HE 

Sohn When the Quantitier of Matter are equal, the 238 

5 Dances themſelves muſt be divided by the Squares 
Je periodical Times, to determine the Proportion ” 


F the central Forces, Tf Sag 5 
In that Caſe, if the Squares of the periodical 239 


til Times be to one another as the Cubes of the Diſtan- 
lr W's the Quotients of the Diviſions, as well as the 
ant; central Forces, will be in an inverſe Ratio of the 
1 1), 4#-res of the Diſtances. 


Experiment 11.] Let the periodical Times of 
Aand B be as 1 to 2, in the ſame manner as in 


ate tc to laſk Experiments. Take tua equal. Balls, 
2 ye and let the Diſtanee from the Center on B be 10 
wil Inches, and the other Ball's Diſtance front the 


Center be of 16 Inches: To. rhe Thread of the 
fit faſten one Pound and a quarter, and to the 
Thread of the other faſten half a Pound in the 
Hollow of the Foot of A; whitling the Tables, 
he Weights will riſe the ſame Moment. 
In that Experiment the central Forces ate 4 
j to 2, which you 1 175 find by nen * 238 
e WR Þ . 
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This Ratio differs very little from the inverſe 
Ratio of the Squares of the Diſtances, which ar 


to one another as 200 to 512 ; the Cubes of the 


Diſtances are alſo almoſt as the Squares of the pe. 
riodical Times: Theſe Squares are as 1 to 4, and 
thoſe Cubes as 125 to 512, which Ratios do not 
much differ. If you take other Numbers, theſe 


\ Ratios will be exactly the ſame, and the Experi- 


240 


241 


ment will ſucceed in the ſame manner; but it i 
not ſo eaſy in the Experiment to vary the pero. 
dical Times or the Weights in what Ratio you 
pleaſe. os 
When the Force by which a Body is carried 
towards a Point is not every where the ſame, but 
is either increaſed or diminiſhed in Proportion to 
the Diſtance from the Center, ſeveral Curves mill 
thence ariſe in a certain Proportion. 
If the Force decreaſes in an inverſe Ratio & 
the Squares of the Diſtances from that Point, the 


Body will deſcribe an Ell;p/zs, which is an oll 


242 


Curve, in which there are two Points call'd the 
Foci, and the Point towards which the Force is 
directed falls into one of them: So that in enen 
Revolution the Body once approaches to, and once 
recedes from it. The Circle alſo belongs to that 
Sort of Curves, and ſo in that Caſe the Body miy 
alſo deſcribe a Circle: The Body may alſo ( 
ſuppoſing a greater Celerity in it) deſcribe the 
two remaining Conic Sections, viz. the Parabol, 


or Hyperbo/a, Curves, which do not. return int 


themſelves. | —_ 

On the contrary, if the Force increaſes mitt 
the Diſtance, and that in a Ratio of the Diſtance 
it ſelf, the Body- will again deſcribe an E 


lipſe; but the Point to which the Force is dirt 


ed, is the Center of the Ellipſe, and the Body it 


each Revolution will twice approach to, and!“ 
gain, twice recede from that Point. In 8 
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Caſe alſo, a Body may move in a Circle, for the 
Reaſon above-mentioned. DE Oe nt 


Experiment 12.] Hang up a leaden Ball with a 
long Thread; if the Ball be drawn back from irs 
Point of Reſt, it is always carried towards it by 
it Giri, and from equal fide with equal Force, 
if the Diſtance be equal. The Ball in its Motion 
deſcribes an Arc of a Circle, which way ſoever 
it falls when you let it go: if thoſe Arcs are not 
rery great, they coincide with a Cyc/ozd, and the 
Force with which the Ball in any Point is carried 
towards the loweſt Point, is as irs Diſtance from 
that Point; * therefore here the Force increaſes * 154 
in the Ratio of the Diſtance. „„ ᷑ 0⁰¹²P On 
Let the Ball be pull'd back from the loweſt 
Point, and projected obliquely ; then it will de- 
ſcribe an Oval Curve about that Point, which 
(when the Ball does not run out to a great 
Diſtance) will hardly differ at all from an Bllipſe, . 
becauſe of the Proportion of the Forces, and be- 
auſe in that caſe the Ball does. ſenfibly move 
in the ſame Plane. 15 | 3 A 

The Center of the Ellipſe is the Point in 
which the Ball is at reſt when it is not project- 
d ; and in every Revolution the Ball does twice 
pproach to, and twice recede from it. If the 
Bill hangs over a Table fo as almioſt to touch it 
when it is at reſt, and the Point over which it is, 
be mark'd upon the Table, the Experiment will : 
become more ſenfible if you draw an Oval upon © 
de Table with Chalk, by following the Body 
vich o © ere en a 

If the Proportion (mentioned Numb. 541, and 243 
42.) of the Forces by which a Point is driven | 
wwards a Center, be à little changed, the Body _, 
nil no longer deſcribe an Ellipſe; hut fuch a 
Cuve as fiay be reduced to an Ellipſe, by ſup- :- 


| 


the Ellipfis moveable. 
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poling the Plane in | which -the Body moves api 
tated by ſome Motion, which therefore will make 


Fo. Experiment 12.] Every Thing being as in the 


former Experiment, ler the Ball be ſo thrown that 


it may run out to a greater Diſtance ; and then it 


will deſcribe a Curve which may he referr'd to the 


moveable Oval: it will indeed twice in every Re. 
volution come towards the Center, and twice 1. 


cede from it; but the Place of the Points in which 
it is leaſt, or moſt diſtant, is changed every Re- 


volution, and theſe Points are always carried the 
_ ſame way, their Motion conſpiring with the Mo- 


tion of the Ball. | 


E have already ſhewn what Elaſticity is, 
VI and whence it ariſes; * and what is it 
Effec in the Congreſs of Bodies, whether they 
{trike one another directly or obliquely ; whit 
remains is to examine the Laws of Elaſticity. it {ll 
which we ſhall do from Phænomena. 1 
All Bodies, in which we obſerve Elaſticii, 
conſiſt of ſmall Threads or Filaments, or at leiſt 
may be conceived as conſiſting of ſuch Threads; 


and it may be ſuppoſed that thoſe Threads laid 


together make up the Body; therefore that ne 
may examine Elaſticity in the Caſe which is the 


leaſt complex, we muſt confider Strings of mu- 


fical Inſtruments, and ſuch as are of Metal; for 
Catgut Strings have a ſpiral Twiſt, and cannot be 


conſider'd in the ſame manner as thoſe Fibres of 


which Bodies are form'd. 
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244 The Elaſticity of Fibres conſiſts in this, that the) 
can be extended, and taking away the Force by Wo 
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„hey are lengtben'd, they will return to the Length 
Fe 12 they Pac CORES 
Fibres haue no Elaſticity, anleſs they are extend- 245 
el with a certain Force; as it appears in Strings 
the at have their Ends fix d without being 
ba: fetch d; for if you remove them a little from 
1 it weir Pofition, they do not return to it: hut 
the bat the Degree of Tenſion is, which gives be- 
Re. einning to Eaſticity, is not yet determined by 
te- Experiments, V | 
ich hen a Fibre is extended with too much Force, 2 46 
Re. it loſes its Elaſticity ;, and this Degree of Tenſion is 
the BW a1fo unknown; this we know, that the Degree 
H-. BN of Tenfion in Fibres, which conſtitutes Elaſticity, 
| ij confined to certain Limits. . 
Hence appears the Difference of Bodies that 24 
ar elaſtick, and ſuch as are not ſo; why a Body 
loſes its Elaſticity, and how a Body deſtitute of 
Elaſticity acquires that Property, A Plate of 
Metal, by repeated Blows of a Hammer, be- 
comes elaſtic, and being heated, does again loſe 
at ee a Vere” e, 
Between the Limits. of Tenſion, that termi- 
nate Elaſticity, there is a different Force required 
for different Degrees of Tenſion, in order to 
ſtretch Chords to certain Lengths : what this 
Proportion is, muſt be determined by Experi- 
ments, which muſt be made with. Chords. of 
Metal, as was ſaid before. But as theſe Wites 
ae ſcarce ſenſibly lengthen d, the Proportions of 
the Lengthening cannot be directly meaſured ; 
fe they muſt be meaſured by another Me- 
ll lth . 
Let AB (Plate XVII. Fzg. 1.) be a ſmall Wire 
ſtretch d horizontally with a certain Force, wheſe 
Ends are fix d at A and B: let it be bent by a 
be Weight hanging in the middle of it, ſo that it 
"ice may come to the Poſition A CB. oF 


DB- 


248 The Line Cc drawn from the middle Point 7 


d tothe 8 
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it call d the Sagitta (Arrow) of the Chord. 
Let ce be an Arc of a Circle deſcribed about 


e is fix d at one End of the Ruler mn 7, and 


Nen 5 


anne 


String or Chord after its Inflexion, to the middl 
Point of the ſame when it was in its natural Stat, 


the Center B, with the Radius B c. Half the 
Chord or Wire by the Inflexion was ftretch'd the 
Length C 5 * Quantity has: 4 certain relation 


The U eight 1G by which the Sitting is ; ſiretch's, 
has 2 certain relation to the Force with which 
the Fibre is lengthen'd, that is drawn along BC: 
and ſo in ſeveral Experiments by comparing the 
© Sagittz Cc, and the Weights with which the 
Chords are inflected, the Proportions of the 
Lengthenings are determined ; as will be ſhenn 
in the foflowing Experiments. 

The Machine for performing them is a ver 
tical Board, about 3 Foot long, and 1 Foot high. 
See „„ Fre. 2. 

The Rulers of Wood mn, m 7, are fd to the 
Board like a Moulding, and carry two Priſm; 
H, H, made like a Wedge, which ſlide along upon 
the Rulers, and are fix'd any where upon them by 


means of Screws, which hold rhem behind 85 


Board, their Shanks being moved backwards and 
forwards, by means of a Slit in the Board. 
Between A and B there are equal Diviſions 


reckon d from the middle on either fide, in . 


der to determine the Places where to fix the 
Priſms. 


At O chere is a Groove, to hold the Pulley 7 


in the fide of the Board; which Pulley is repre 


ſented in Plate XIII. Fig. 8. 
The Wire, with which the Experiments are 


K 
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it the other End goes over the Pulley T, the 
Weight P ſtretching it, and the Priſms, H. H, 
ſuſtaining it in Points, which are equally diftanc 
Fm the middle of the Machine. VVV 
There is a Braſs Plate de let into the middle 
o the Board, and mark'd with very ſmall Divi- 
fons, along which moves another Braſs Plate or 
Index fg, which hangs upon the Wire, having a 
Hole thro which it runs: This Index has a Scale 
hanging from it, which, together with the Index 
fg, weighs Juſt an Ounce. The Length of the 
Wire is determined in each Experiment by the 
Diſtance of the Edge of the Priſms H, H; for in 
the ſmall Inflections made by hanging on Weights 
in C, concerning which alone Experiments are 
made, the String is not moved upon the Priſms, 
nor is the Weight P raifed up, but only the Part 
AB is extended by theſe Inflections. 

In the Inflections of the String, the Sagittæ are 
meaſured by the Diviſions on the Plate e d; for 
the End g of the Index g c, does always deſcend 
equally with the Point C in every Inflection 


Experiment 1.] Let P be a two Pound Weight, 250 
and let the Wire be inflected at C with the Weight 
of an Ounce, that is, with the Weight ot the 
Scale and Index Fg; and obſerve the Diviſion of 
the Plate e d, ro which the End g of the Index 
fg deſcends. Change the Weight P to 4 Pounds, 
and alſo double the Weight by which the String 
is inflected, that g may deſcend to the ſame Divi- 
lon, and this Weight will be two Ounces: Three 
Ounces will give the ſame Inflections, when the 
Weight P is of fix Pounds. . 


From this Experiment it follows, that the 251 
Weight by which a Fibre is increaſed a certain Length 
by its ſtretching, is in the different Degrees of Tenſion, 
as the Tenſion it [elf ; it for Example, IG 

| | 15 | tee 
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three Fibres of the ſame Kind, Length, aut 


Thickneſs, whoſe Tenhons are as I, A 2 3 
any Weights in the ſame Proportion will equally 
ſtretch thoſe Fibres nate 
Ihe leafs Lengthenings of the fame Fibres arg 11 
one another nearly as the Forces by which the Fri 
are lengthened. As ior Example, let a Fibre by 
ſtretch d with the Weight of 100 Qunces, if it 
be ſeparately lengthen'd with the Weights of 1 
Ounce, 2 Ounces, and 3 Ounces, the Lengthen. 
ings will be nearly as 1, 2, and 3 ; that is, each 
- Ounce ſuperadded does equally lengthen the Fibre: 
For the Tenſions by the Weights. of 100, 101, 
and 102 Ounces, by which the Fibre is ſtretchd 
in each Caſe, when an Ounce is ſuperadded, do 
not ſenſibly differ from each other. 
This Property of Fibres may be applied to 
their Inflection, and is of great Uſe. Let the 
Wire AR (Plate XVII. Fig. 3.) be ſo inflecded, 
as to acquire the Poſitions Ac B, A c B, and 
A CB, yet ſo that in the greateſt Inflection the 
Sagitta may not be 4 Inch long, ſuppoling the 


alf; in thoſe Caſes the 


IF 
* 
8 


Wire 2 Feet and a 


Lengthenings of the String are very ſmall, there. 


fore they are in the Ratio of the Forces that 
* 252 produce them, * and they ſerve to expreſs them 
let c D expreſs the Force by which a String ö 
ſtretch'd when ir is not inftected, and with the 
Center B deſcribe the Circle D d; the Lines de, 
dc, dC, which are longer than c D by the Quan 
tity by which the Fibre was lengthened in every 
Caſe, expreſs the whole Forces, by which the 
Fibre is ſtretch'd in every Cale. But here the 
Arc D d is hardly of one Degree, and D is a 
ways far enough diſtant from the Foint c, where 
fore Dd may be look d upon as a Right Line 
parallel to c C, and the Lines cd, cd, Cd haue 
the ſame Ratio to the Lines c B, c B, CB, 1 * 
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fre the Point C is always drawn towards Be and ö 
J, by Forces proportionable to the Line CB or 
3} CA; and the Force by which the Wire is in- 
aly eg, whoſe Direction is along c C, is as the 
double Sagitta, * or as the Sagitta it ſel There-* 203 
Ye in all the leafs Infleftions of a Chord, Muſical 253 
Fring or Wire, the Sagitta is increaſed and dm: 
ed in the ſame Ratio as the Force with whigh 

the Chord is infleted. 5: 1 


Experiment 2. Plate XVII. Fig: 2.] Let the 
Wire AB ſtretched by any Weight, be inflected by 
the Weight of 1, 2, and 3 Ounces; the Deſcents 
of the Point g, that is, the Sagittæ themlelyes are 
to one another as 1, 2, and 3. : 

In Chords of the ſame Kind, Thickneſs, and 254 
which are equally ſtretched, but of different Lengths, 
the Lengthenings which are produced by ſuperadding 
ei. %% Werghts, are to one another as the Lengths 
wy - the Chords. This is plain, becauſe the Chord 
de equally ſtretched in all its Parts; therefore the 
5 Lengthening of a whole Chord is double the 
E of half of it, or of a Chord of half 
Je Length. a 75 55 
* As 8 the Inflection of thoſe Chords, let A B, 
ph ab, (Plate XVII. Fig. 4.) be Chords of the ſame 
„kind and Thickneſs, but of different, Length, 

5 equally ſtretched, and ſo inflected, that A CB 
tall be the Poſition of the firſt, and ad b that of 
* the laſt; and let the Triangles B Ce, and h Dd 
— be ſimilar: c B is to Db, that is the Length of 
+ de Chords are as CB to db; therefore the 

Chords are lengthened in Proportion to their firſt 


— 


1 Length, and conſequently they are drawn by 

ofes equal Forces in the Directions 5 d, ad, BC, A C: 254 
ine but by the Likeneſs of the Triangles above: men- 255 
ne (ned, the Forces alſo acting along cC and Ded“ 
re. equal to one another *, and rhe Sggittæ © C,* 203 


or Dd, 
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Id, are as the Leneths of the Chords; which dos 
therefore, cæteris paribus, obtain in wnequal and 
/ OT 
© Experiment 3. Plate XVII. Hg. 2.] Let the 
Chord AB be firetched by any Weight, having 
fixed the Priſms H, H, at the fixth Diviſion c 
each Side: Now let it be inflected with ay 
Weight, ſo that the Sagitta may be equal to fi 
Diviſions of the Plate e d. Let the Priſms he 
brought to and fixed at the fourth Diviſion oi 
each Side, and the Sagitta will be equal to fou 
Divifions of the Plate; and fo on for any Pofitin 
of the Priſins. e 1 
One may compare together Fibres of the fame 
Kind, but different Thickneſs; they may be lock 
ed upon as made ap of ſeveral very fine Fibres af 
the fame Thickneſs, whoſe Number in the above. 
mentioned Fibres muft be taken in a Ratio of the 
Solidity of thoſe Fibres, that is, as the Square 
of the Diameters, or as the Weight of the Fibre 
when their Lengths are equal. Therefore thele 
. Fibres will be equally ſtretched by Forces that ar: 
in the ſame Ratio of the Squares of the Diame 
ters; which Ratio alſo is required berween the 
Forces by which the Chords are inflected, that 
the Saginz may be equal in the given Fibre 
Bur by diminiſhing the Force by which the Fibr 
is ſtretched in the fame Ratio as the Force h 
* 25oWhich it is inflected, the Sagitta is not changed. 
256 Therefore, f the Forces by which the Fibres att 
' — flretched be equal, and they are inflected by equi 
Forces, even in that Caſe alſo the Sagitte will bt 
equal, bowever different the Thickneſs be. 


N Experiment 4. Plate XVII. Eg. 2. ] Take 200 
Chords of the ſame Kind, and unequal TIS 
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dee ves; and let them be ſeparately applied to the / 
an Machine, leaving the Priſms HH in the fame _ 
uace; if they be ſtretched by the ſame Weight _. 
Ib, and alſo be inflected by the fame Weight L, 

t ee Sagittæ wil be Sk ET = 
avi 177 the Chord AB (Plate XVII. Fig. 1) ftretched 257 
n cn em how, be ſo inflected as to acquire the Figure 
AB, then leſt to it ſelf, and by its Elaſticity it 

to wil return to its firſt Figure, and in that Caſe the 

ns de Motion of the Point C is accelerated; for when 

n 08 the Chord is let go from the Pofition A CB, the 

feu Point C is moyed with the Force that is able to 

fitoa i cetain it in that Pofition. This Motion is not 

. deſtroyed, but there is ſuperadded to it in all the 

ſame Points of the Sagitta, the Force by which the 

look. Point C might be retained in them. The Cele- 

es oO city is the greateſt of all at c, and by that Cele- 

bore rity the Point C is carried farther, and then re- 

f the BN turning, ir will perform ſeveral Vibrations, in which 

ares BN the Point C runs out but ſhort Spaces; for which 

"br i Cauſe the Force by which the Point C 5 ated. 

thee g upon in all Diſtances from c, is as the Diſtance , 

t ar in each Point. Therefore the Motion agrees 
ame-B with the Motion of a Body vibrating in a Cytloid, 

n the Bi 1nd how unequal ſoever the Vibrations are, they 
that 17 erformed in the ſame Time.* oO 133 
tbres If there be two equal and ſimilar Chords, but 258 
Five BY uncqually ſtreteped, unequal F orces are required to 
eh inflett them equally ; therefore the Vibrations 

ed. "WF ae performed in unequal Times. One may com- 
pere their Motions with the Motions of the Pen- 
75 dulums which vibrate in Cycloids “, and deſcri- 257 
6 


bing fimilar Cycloids by different Forces; which 
Forces are inverſly as the Squares of the Times of 

the Vibrations. * In Chords therefore likewiſe the * 165 
rares of the Times of the Vibrations are to one © 
anther inverſly, as the Forces by which they are 

(144 3 : P * Ys ig | 2 5 1 equally EY. 


* 250 which the Chords are Hretched. ws 


259 


* 165 Vibrations. * In Pendulums and equal Chords, 


©7753 thoſe Caſes they are in the ſame Ratio.“ 
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equally inflected; which are as the Weight, y Meng 


When the Chords are ſimilar, equally ſtretched Winer 
but of different Lengths, their Motion muſt be il! 
compared with that of Pendulums by another Me. 
thod; for as the Times of the Vibrations is to he 
conlidered, the Celeritiesalſo with which the Chord; WMWh1ck 
are moved, muſt alſo be. conſidered : And in the With 
Chords A CB, ad 6 (Plate XVII. Fg. 4.) whok WW: th 
Sagitte are equal, and in which the Points C and d erm 


may be conſidered as deſcribing fimilar Cycloids e 


the Celerities with which thoſe Points are moved NE 
in correſpondent Points, are to each other in an in- Nit 
verſe Ratio of the Squares of the Times of the er 


the Forces are taken for the Celerities ; becauſe in MW'ibr: 


Let the Chords A B, a6, be divided into vers 7 
ſmall Parts, but each into an equal Number of Nhe 
Parts; the Ways to be run thro' by correſpon- ht 


dent Parts, ſuppoſing the Sagittæ equal, will be 


equal, and theſe ſmall Parts will perform fimila II:! 


* 255 Lengths of the Chords; * therefore rhe Celeti 
253 ties are in an inverſe duplicate Ratio of thoſe 


Vibrations; but the Particles of Matter in the ian 
correſpondent Particles are as the whole Chords: 


That therefore their Celerities may be determined a1 


in correſpondent Points, the Forces with which Nbot 
the Chords are inflected, when the Sagitt ate 
equal, muſt be divided by the Quantity of Mat. 


ter in the Chords, as it follows from Numb. Wii 


64. It is therefore plain, that thoſe Celeri- WM 
ties are to one another directly as the Weights es 
by which the Chords are inflected, and inverlly e 


as the Quantities of Matter in thoſe Chords, eu 
that is, inverſiy as their Lengths: But thoſe 


eights are alſo in an inverſe Ratio of the 


Lengths, that is, inverſly as the Squares of the e 
. Pane ; 4 8 | Lengths; 


lengths; and then, as was fiid before, the Squares 
f the Times of the Vibrations will alſo be in that 
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i 
# 
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bed imerſe Ratio. The Leneths therefore of the Chords 
- be Wil! be as the Times of the Vibration. 
Me. One may in the ſame manner compare 10e 

) be limes of the Vibrations of Chords of | different 


"ds Knee, ſuppoſing the Chords equal, and firetched 
the With 2919! Veights; the Quantities of Matter are 
wok Ws the Squares of the Diameters ; therefore to de- 
d 1 Wſtrmine the Celerities of the correſpondent Points, 
ids e Weights by which the Chords are inflicted 


re to be divided by thoſe Squares, when the 
dittæ are equal 3 
merſly as the Squares of the Diametets, and 


ſibrations. 105 „ 
Any Chords of the ſame kind being grven, the 
Durations of the Vibrations may be compared to- 
ether; for BY are in a Ratio compounded of the 


herefore the Diameters are as the Tlines of the 


merſe Ratio of the ſquare Roots of the Weights, 


= 


the Celerities thefefore are © 256 


1 
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on. 
| be which the Chords are ſtretched *, of the Ratio of 258 
ilar W's Lengtbs of the Chords , and the Ratio of (the * 259 
the NMPiamerers x. If you multiply the Diameters by 250 
ds: e Lengths, and divide the Product by the 
ned Mare Root of the Weight that ftretches the 


Chord, and go thto' the ſame Operation for ſe- 
ral Chords; the Quotients of the Diviſion 
Elaſtic Plates may be conſidered as a Conge- 


eri ay 
hts Nes or Bundle of Chords; when the Plate is in- 
{ly Wed, ſome Fibres are lengthened, and there 
rds, e unequal Lengthenings in ſeveral Points of the 


Mexed Plate, may be difcovered from what has 
kn faid concerning Chords, © 


ne Plate, they are proportional to the Forces by 
KR which 


By comparing together the Infletions of the 


flll be to one another as the Times of the vi- 


262 


ae; now the Chrye which is formed by the 


263 


* 253 manner as the Motion of a Chord“, and the Mo- 
* 155 tion of a Pendulum in a Cycloid *; and the Vibra- 


A is made up of ſeveral elaſtic Plates, and put 


fame proportion. The Experiment is made with 


265 may be applied to the curve Plate or Spring 
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which the Plate is bent. Let A B (Plate XVII. 
Fig. 5.) be an elaſtic Plate or Spring, whoſe end 
A is fixed, and let it be inflected by two Forces 
ſo as to he brought into the Poſition @ ) and ab; 
if the one be doubled, the other, þ h and b B will 
be equal; and therefore in the Vibrations | the 

Motion of the Spring is accelerated in the fame 


tions of this Plate are performed in the ſame 
Time. r al; a 
Experiment 5. Plate XVII. Fig. 6. The Spring 


into the Box B, and there moves on each tide 
between the Rulers d, c d, two Strings are 
fixed to the upper part of the Spring, and run 
thro' the Holes e, e, in the bottom of rhe Box. kne 
IF you hang half a Pound upon the Threads, it 
will deſcend half an Inch; add another half net 
Pound, and it will deſcend half an Inch more; 
8 ax Jo on, till the Spring can be compreſſed no 
2arher, 


. 


Each ſimall Plate is bent in proportion to the 
Weight; and the Motion of the Weight, on ac- 
count of all the Inflections together, follows the z t 


ſeveral Plates joined together; becauſe in va- 
rious Inflections the Direction of the Action 
of the Weight on the Plates is not ſenſibly 
changed. 7 | „ Fr 5 
Wbat has been ſaid of the Inflection of Plates 


ACB (Plate XVII. Fig. 7.) If it be preſſed y 
two Weights, ſo as to acquire the Poſition 4 c 9, 
ac b, and the Weights are to each other as 1 to Min 
2, the Diſtances cc and c C will, be equal ©: 
* 253 Therefore the bending in of the Spring, or e 
. 1 „ 11 oo. 
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gone thro by the Point C, are as the Weights 
with which the Plate is preſſed. Which may alſo 
he applied to .the bending in of Teveral Plates 
vided ee Te 
The Ball ACB (Plate XVII. Fig. 8.) being 
made of an elaſtic Subſtance, may be conſidered 


13 conſiſting of ſeveral ' Plates; and the Intro- 
eſſions (or Yieldings inward) of the Point C will 
te proportionable to the Forces with which the 
ACBE (Plate | 
WII. Fig. 9.) ſtrike ſeveral times againſt any. 


Body is compreſſed. DN 
Let the Point C of the Ball 


Plane, and let that Point go inwards to d, d, and 
D; the Strokes will be to each other as the Lines 
Cd, Cd, and CD. At the firſt Stroke the Part 


268 


abe becomes flat, the ſecond Stroke ac b is flat- 


tened, and the third AC B: As here we always 


conſider the leaſt Arcs, the Ares (that is, the Dia- 
meters of the plane Surfaces made by tlie Strokes, 
xe to one anothet ſenſibly as the Chords C a, 
Ca, and CA; therefore the Surfaces are as the 
Squares of thoſe Chords; in which Ratio alſo, 
tom the Nature of tlie Circle, are the Lines 
Cd, Cd, and CD, which are to each other 


s the Strokes. Therefore in klaſtic Spheres, the 


ines made by the Strokes follow the proportion of 


the Strokes, 1 
Experiment 6.] Take a flat Piece of blue Mar- 


le made faſt in a horizontal Poſition, and a lit- 


le wer, ſo as to make the Colour the more in- 
enſe; if you let an Ivory Ball fall upon this 


lane, that part of the Ball which by being made 


Ut applies irſelf to the Stone, leaves a very 
ound Spot in the Surface of it; Let the Ball 
lll from the Height of 9 Inches, and the Spot 
& E: then let it fall from the Height of 3 Feet 


mich is the Quadruple of the other, and the 


K 2 - * Spor 
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Spot will be F; laſtly, let it fall from the Height 
- of 6 Feet and 9 Inches, which is nine times the 

firſt, and the Spot will be G. In that Expert 

ment, the Strokes of the Body againſt the Stone, 
4131 are to each other as 1, 2, and 3 * ; In which 
8 3 Ratio alſo. are the Spots E, F and (1; for if you 
= draw the Right angled Triangles D AB, DB c., 
| in which the Sides DA, AB, BC, are equal tg 

one another and to the Diameter of the Spot 
the Line B D will be exactly equal to the Di: 
meter of the Spot F, and the Line C D to the 


—— — 


* 


Diameter of the Spot Gf 
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Natural Philoſor by, 


CONFIRMED BY 


EXPERIMENTS. 


— 


„„ 


x 


Parr I. Of the Grawity, Freſſure, 
and Reſiſtance of FL ID &. 


CHAP. . 


07 the Gravity of the Parts of Fluide, 5 | 
its Efe@ in the Fluids themſelves. 


FLUID is a Body whoſe Parts 
yield ro any Force impreſſed, and 
by yielding are very eaſily moved 
one amongit another.“ Whence it 
follows, that Fluidity ariſes from 
this, That the Parts do od rg 

cobere, and that the Motion is not bindered by an 

Irequality in the Surface of the Parts, as it © hay: 

bens in Powders. 

K © But 


* 30 
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I 34 Mathematical Blemants. : Book 17. 

But the Particles of which Fluids confift, are 
of the ſame Nature with the Particles of 'other 
Bodies, and have the fame Properties; for Liquids 
are often converted into Solids, when there is 2 


more ſtrong Cohefion of them, as in Ice. On the 


contrary, melted Metals give us an Inftance of 3 
Solid changed into a Fluid. F 
Fluids agree in this with Solid Bodies, viz. That 
they conſiſt of heavy Particles, and have their Gravity 


proportionale to their Quantity of Matter, in any 


Poſition of the Parts. If in the Liquid itſelf that 
Gravity be not ſenſible, it is owing to this, that 
the lower Parts ſuſtain the upper, and hinder them 


from deſcending : But it does not follow from | 


_ thence, that the Gravity is taken away; becauſe a 


kriment willalſo ſhew, that the Gravity ispreſeryed 


Liquid contained in a Veſſel will preſs down the 
End of a Balance, which carries the Veſſel, in 
proportion to its Quantity. The following Expe- 


in any part of the Liquid. 


271 In this, as well as in other hydroſtatical Ex- 


periments relating to the Gravity of Fluids, we 


272 
; round two Pullies T T, and is faſtened to 4 
Weight P, (Plate XVIII. Fig. 1.) that by moving 
the Weight, the Balance may be conveniently 


uſe a very exact Pair of Scales, differing from com- 
mon Scales only inthis, that each Scale has a Hook 
VV under it, (Plate XVIII. Eg. 1.) for ſuſpending 
ſuch Bodies as are to be immerſed in Liquids. 

The Balance it ſelf hangs by a Line which goes 


raiſed and depreſſed, and ſuſpended at any 
—_ „ 
4 Experiment 7.] Immerge in Water the Phial U 
cloſe ſhur, and hanging by a Horſe hair, and 
balance. it with a Weight in the oppoſite Scale; 


then, without taking the Phial our of the Water, 


open it, and let it be filled with Water, and 5 


Book II. f Natural Phitofopby. > 
will find, that the Water in the Phiat will bring 
down the End of the Balance, apo it has no 
Communication with rhe external Water : If you 
reſtore the Equilibrium by putting more Weight 
into the oppofite Scale, the Phial will remain 
ſuſpended in any part of the Water. bs 

From this Gravity it follows, that the Surface 272 
of a Fluid contained in a 721 to Reep it from 
flowing out, if it be not preſſed from above ; or if 
it be equally preſſed (for that makes no Alteration) 
wil become plain, or flat, and parallel to the Ho- 
11:04, For as the Particles yield to-any Force im- 
preſſed, they will be moved by Gravity, till at laſt 
none of them can deſcend any lower. 
The lower Parts ſuſtain the upper and ore preſſed 273 
by them; and this Preſſure is in proportion to the 7 
incumbent Matter, that is, to the Height of the 
Liquid above the Particle that is preſſed + hut as 
the upper, Surface of the Liquid 4 parallel to 
the Horizon *, all the Points of any Surface, which * 272 
you may coneeive within the Liquid parallel ro 
the Horizon, are equally preſs © 

If therefore in 4 part of ſuch a Surface there is 274 
i leſſer Preſſure than in the ather Parts, the Liquid, 
which yields to any Impreſſion there will be 
nor'd, hat is, will aſcend 2il the Preſſure be- 
ones euus, 0 Tn "00" 8 


Experiment 2. Plate XVIII. Fig. 2] Take a 
Clas Tube C open at both Ends, and ſtopping .. 
me end with your Finger, immerge the other in 
Water; when the Tube is full of Air, the Wa- 


er will rife in it but to a very {mall Height: If © + 
you take away your Finger, that the Air that is. 
compreſſed may go out, the 1maginary Surface (as 
Mr. Boyle uſed to call it) chat you conceive in the 
Water juft ar the Bo:tom of the Tube, and pa- 
allel to the Horizon, is leſs preſſed jult againſt 

| 4 the 
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the Hole of the Tube, ſo that the Water will 


riſe up into the Tube till it comes up to the ſame 
Height with the external Water. CON 


275 - The . the lower Parts, which ariſe G 


from tbe 


be Gravity of the ſuperincumbent Liquid, 
exerts itſelf every way, and every way equally. 
Which follows from the Nature of à Liquid, 


for its Parts yield to any Impreſſion, and are eafily 
moved; therefore no Drop will remain in its 


lace, if whilſt it is preſſed by a ſuperincumbent 
iquid it is not equally preſſed on every fide : 


But it cannot be moved on account of the 


neighbouring Drops, which are preſſed in the 
ſame Manner, and with the ſame Force, by the 


ſuperincumbent Liquid; and therefore the firſt ot 


k 4 Y 


loweſt Drop is at reſt, and equally preſſed on all 


; ſides, that is, in all Directions, 


in all the Tubes to 


Experiment 2. Plate XVIII. Fig. 2] Let the 
Glaſs Tubes A, B, D, be immerſed in Water, in 


the ſame manner as in the laſt Experiment; and 


upon taking away the Fipger, the Water will riſe 
he fame Height as in the 


Tube C : In C the Preſſure is directed pars 


* 


27 
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| 


in B downwards, in A. fidewiſe, and in DB ob- 


liquely ; yet the Preſſute is equal in each, If you 


pour in a „ of Liquid into the 


Veſſel, it will al ſo riſe equally in each Tube. 
Hence it follows, that al the Particles of Liquids 
are preſſed. equally on all ſides, and therefore a- 
at reſt ; and that they do not continually move 

among themſelves, as ſeveral have ſuppoſed. _ 
In Tubes that have a Communication, whethct 
equal or unequal, whether ſlreight or oblique, a 
22 riſes to the ſame Height ; that is, all the 
upper Surfaces are in the ſame horizontal Plane; 

which is gafily deduced from what has been ſaid. 


Pate 
. 
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Plate XVIII. Fig. 3.] Let A be a Veſſel, and B 
1 vertical Tube, and D an inclined Tube; they 
muſt communicate by means of the Tube C, E: 
Let there he a Liquid poured into them, and let 
gh be a Surface parallel to the Horizon. If the 
Heights F and g I be unequal, the Water will 
aſcend where that Difference is leaſt.“ For the *274 
ſame Reaſon, unleſs. the Preſſures at g and þ be 
equal, the Water will not be at reſt; but they are 
equal, when / and are in the ſame! horizontal 
Plane: For ſince the Preſſure ariſes from the Gra- 
vity of the Parts, which tends towards the Center 
of the Earth, the Height of the preſſing Liquid 
muſt be meaſured according to that Direction, that 
is, it will beþ m; but the Obliquity of the Column 
hz cauſes no Change, becauſe at the ſame Depth 
the Preſſure every way is equalF ' 22275 


Experiment ' 4. Rlatæ XVIII. Fig. 4. ] Pour 278 
Water into the Machine: repreſented by Fig. 3. 
and after any Agitation it will not reſt, unleſs all 
the Surfaces he in the ſame horizontal Plane. 


* 1 


The Glaſs Veſſel A is joined to the Glaſs Tubes 
B and D, by help of the Braſs Tube CEB. 
All Liquids are not equally heavy, that is, 
have not the ſame Quantity of Matter in the ſame 
Space; but what has been ſaid will agree to every 
Liquid by it ſelt. 191 ä 
When Liquids of different Gravities are. con- 279 
tgined in the ſame Veſſel, the heavieſt lies at the © 7 
loweſt Place, and is preſſed by the lighter, and that 
in Proportion to the Height of the lighter, 


Experiment 5. Plate XVIII. Fig. 51]. Take Wa- 


ter ringed with ſome Colour, and pour it into 


the Glaſs Veſſel A to the Height of bc ; im! 
merge into it the Glaſs Tube d E; the W al 
rf tO ok, Wo wr 


* 
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will riſe in it to the Height b c.* Now pour in 
Oil of Turpentine, which is a Liquid lighter 


than Water, and immediately the Water will riſe 


produce the ſame Preſſure. 


in the Tube; and ſo much the higher as the Oil 
is poured in, to a greater Height: Yer the Water 
in the Tube does not riſe to the ſame Height as 
the Oil in the Veſſel; becauſe fince Water - is 


heavier, there is not required the fame: Height 


of Water as there would be required of Oil to 

If you have a mind to try this Experiment 
with Mercury and Water, you will find, a greater 
Difference in their Heights by reafon of their 
greater Difference of Gravity. PRs 
Experiment 6. Plate XVIII. Fig: 6.] Let tbe 
End of a Tube be immerſed, in Water, and pour 
Oil into it. The Water in the Tube is depreſs'd 
as far as d; yet the Height of the Oil d e is greater 


than the Height of the Water in the Veſſel, If 


the Tube be immerged deeper, the Water will 
run into it in greater Quantity; if you raiſe it up, 
the Water will again go out at a, and the Water 
in the Tube de follow it, if it be raiſed to ſuch 


a Height that the Preſſure of the Oil may over- 


come the Preſſure of the Water in the lower Part 


CHAP, I. 


1” of the Actions of Liquids againſt the Bottoms 
and Sides of the Veſſels that contain them. 


tain a Liquid, are preſſed by the Parts of the 
Liquid which immediately touch them; and becauſe 


＋ H E Bottom and Sides of a Veſſel, which con. 
7 * ? 
Re-attion is equal to Action,“ thoſe Parts all 


ſuſtain an equal Preſſure. But as rhe Preſſion of 


Liquids 


15 
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Sides are preſsd as much as the neighbouring 
Parts of the Liquids; therefore this Aion in- 
creaſes in Proportion to the Height of tbe Liquid, 
and is every way equal at the fame Depth, de- 
pending altogether upon the Height, and not at all 
upon the Quantity of the Liquid. Therefore, 
when the Height of the Liquid and Bigneſs of the 
Bottom remain the ſame, the Action upon the 
Bottom is always equal, however the Shape of the 
Body be changed. In every Caſe the Preſſure 
ſuſtained by the Bottom is equal to the Weight 
of a Column of Water, whoſe Baſe is from the 
Bottom it ſelf, and the Height of the vertical 


Diſtance of the Upper Surface of the Water from 


the Bottom it ſel 


Plate XVIII. Eg. 7 and 8. | Take the hollow 
Cylinder A, open at both Ends, and finely po- 
liſhed within, whoſe Diameter and Height alſo 
ate about three Inches and an half; the Ring E is 
fiſtened to it by a Screw, ſo as it may be ſuſtained 
by a Trevet. 1 4857s os ICS 


Liquids is a every way, the Bottom and 
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Let the Cylinder haye a moveable Braſs Bot- > 


tom F, with- which the Braſs Ring G, having a 
Screw in the inſide, is joined: this Ring retains 


and fixes a Leather Ring broader than the Bottom - 


all round by half an Inch; this Leather covers the 
external Surface of the Braſs Ring when the Bot- 
tom is thruſt into the Cylinder, and it hinders the 
Water from going out when it is moved up and 


down. This Leather muſt be ſoaked in Oil, and 


after a few Days it muſt be taken out and ſoaked 


35 long in Water; after which Preparation the 
Leather muſt be well anointed with Oil and Wa- 


ter, and moved ſeveral times up and down the 


Cylinder, and left in it in that Condition two or 
three Days. When you are going to uſe the Ma- 
dk Ry, fo chine, 
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chine, you muſt anoint the Leather again with Oil 
and Water, then the Bottom will move eaſily, 
and hold Water. The Leather mult be neither roo 


thick nor too thin which muſt be left to the 
ludgmezt of the Workman. e Ee: Þ 


The Bottom has in its Middle a ſmall Braf 
Cylinder þ i faſtened to it, by which the Motion 
of the Bottom is directed; for this Cylinder goes 
thro' the Hole in the Plate b, which is laid 
upon the larger Cylinder A, and let into it by 
Cut in the Edge. In the upper Surface of the 
Cylinder hi there is a Cavity which contains 2 
Screw, by which the Bottom is Joined to the 
Braſs Wire 1 p, which is carried through the 
Tube D, that the Bottom may be faſtened 
1 w the Brachium of a Balance by the help of this 
ire. 5 85 
Let the Cylinder A have the Cover C laid up- 


on it; and to hinder the Water from running 


out, the Mouth of the Cylinder muſt be cover d 
with a Leather Ring, which is ſtrongly preſſed by 
the Screw which joins the Leather Cover to the 
Cylinder. To the Cover and Cylinder it ſelf may be 
added a Handle, that the Cylinder may the more 
eaſily be ſhut and open d. The Cover has a Hole 
in- the Middle, and the hollow Cylinder 7, which 
has a Screw on the outſide, is faſtend to ir, that 
the Tube d may be joined to the Machine with 
_ a Leather upon the Screw, to kinder the Water 
J ͤ 


: Experiment 1. Plate XIX. Fig. 1.7 Having 
joined together all the Parts of the Machine in 
the manner juſt mentioned, hang upon one end 


of the Beam of a Balance the Braſs Wire which 


is fixed to the moveable Bottom, ſo that the 
Beam may be exactiy horizontal when the Bot- 
tom is two Inches diſtant from the Cover; then 

1 put 
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put ſuch a Weight i in the oppoſite Scale: as wil 
make an 3 with the Weight of the Bot- 
tom only the Tube be one Foot long; and 

the Beam of the Balance being placed horizontal, 
pour Water into the Tube D, ſo that it may riſe 

up to its upper end; ee Weight of 4 3 
Pounds being put into the upper Scale, will make 
an Equilibrium with the V ater ; and if you di- 
miniſh or increaſe this Weight, the Bottom will 
move upwards or downwards. But you muſt 
obſerve, that in altering the Weight, you muſt 
put in or take out a pretty conſiderable 1 5 
fot Example, half a Pound, becauſe ol f the Fri- 
ion of the Bottom. 

The Diameter of the Bottom is n 
Inches, and the Height of the Top of the We 
ter in this Experiment, 'is 14 Inches; the 
Weight of a Pillar of Water of that Height, whoſe 
Baſe is equal to the Bottom, is 43 Pounds; and 
juſt ſo much does the Water preſs againſt the 
Bottom, tho there be but a ſmall an of 
Water in the Machine. 

Since only the Motion of the Bottom is to be 
obſerved, the Machine is to be fix d down, leſt 
it ſhould be wholly raiſed; which is done by 
lying ſuch Weights upon it as are n by 
P P, Plate RR. . 


Experiment 2. Plate XIX. Kea 2.] Haring 
taken away the Cover and the Tube, join the 
Cylinder A to the Veſſel D E, which has at the 
Bottom a Ring with a Screw. Inte this Ma- 
chine pour Water upon the Bottom as high as in 
the foregoing Experiment; the reſt of the Expe- 
riment is made in the ſame manner as the former, 
and the Succeſs is the ſame; for the Preſſure is 
not 1 tho you ater the Figure 1 _ | 
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Veſſel and- the Quantity of the Water, 5 


you keep the . to 50 ſame Heighhr, 


| Experiment 2. Plate XIX. Ex. 3. H: the 
Cylindrick Veſſel A to the End al a ins 


which Veſſel muſt be fill'd in part by a wooden 


Cylinder De, which Cylinder is fixed any how 


to the piece of Wood B C, and neither touches 


the Sides nor the Bottom of the aforeſaid Veſſel; 


in the op 


It will viſibly a | that the lateral is equal | 
d o the vertical Preſſure, making uſe of the follow- 
ing Machine. 
Plate XIX. Fig. a The Veſſel D B is a Pa- 


282 


horizontal. Two croſs Pieces of Wood are Joined 
to the Sides of this Machine, one of which is 


if you pour Water into this Veſſel to any Height 


and make an #quiljbrium by putting W 
8 e, that Weight will 5 


eight 4 the whole Water which would be 
contained in the Veſſel, the Cylinder being taken 
away, ſuppoſing it filled to the ſame Height as in 


the Expetimem. And ſo a ſmall Quantity of 


Water, whole upper Surface is raiſed, ſo as the 
Preſſure againſt the Bottom be increaled, will 
ſuſtain a great Wei ht. 


rallelopiped of Wood aboat a Foot and a half 
high; in the Side towards the Bottom there is 
a Hole in which there is. a Braſs Ring containing 
a Screw, that the Cylinder A, thentioned in the 


firſt and ſecond Experiments, may be ſcrewed to 
it. Here you mult take away the Trever which. 


ſuſtained the Cylinder in thoſe Experiments, and 
was fixed to the lowet | by Screws. Now 
the Motion ef the Bottom in the Cylinder, 4s 


chem the Ruler CC is 


ſeen in G H; along 


moved horizontally, which is wider in the mid- 


dle towards F, that by its Motion the Bottom 


of the Cylinder may be thruſt inwards, which 


the 
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the Ruler preſſes a little helow the Center. At © 


CC Ropes, as CE, are faſten d to this Ruler, 
and going over Pullies at tlie Extremities of 
the faid Pieces, as T, have Weights joined to 


Experiment 4.] Pour Water into the Veſſel BD, 
ſo that the Surface of the Water may be higher. 
by 1.4 Inches than the Ruler CC; let the Weights, 


5 P, be of 2 Pounds and a quarter each; ſo that 
both taken together ſhall amount to 4 Pounds 
1nd a half, the Preſſure of the Water will ſuſtain 
that Weight, and the Bottom in that Caſe will 
he moved with the ſame Eaſe towards either 
Pak. | 


The following Experiment proves that the 


Force with which Water preſſes upwards, is equal 
o that with which it preſſes downwards and 
idewiſe. = = 188 


Experiment 5. Plate XX. Fig. 1.] In the middle 


of the upper Surface of the Block or Foot B chere is 


a Cylinder of about 2 Inches Diameter, on which 
jou muſt put the moveable Bottom of the Cylin- 


der A, ſo often mentioned; ſo that the Bortomi 


temaining fix d, the Cylinder may be moved. 


The Cylinder muſt have its Cover on, and to it 


the Tube D, 3 Foot and a half long, muſt be 
fiſtened; pour in Water, by which the Bottom 
remaining fix d, the Machine will be raiſed ; put 
the Weights PPP, which altogether weigh 9 
Pounds, upon the' Cover, and they, with the 
Weight of the whole Machine, will be ſuſtained 
by the Water in the Tube; but the Weight of 
the Machine is more than 3 Pound and a half. 

The Force which acts againſt the Cover, 
5 equal to the Weight of a Pillar of Water, 


whoſe 5 


* 
1 3 II on OO EE Ree In” 
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whoſe Baſe is the Cover, excepting the Hole ty 


which the Tube is fix d, and whoſe Height is the 
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which is fix d a Braſs Cylinder that has a Screw, 


together weigh more than 250 Pounds. Theſe 


7275 


Pair of Bellows, ſo that it may contain Water. 


Height of the Water Tube above the inward Sur. 

face of the Cover; which agrees with the E. 

periment. 8 „ | 15 
If you apply the ſame Tube to a greater Ma. 


chine, the Action againſt the Cover will increaſe 


in the fame Ratio as the Cover; ſo that a pro- 
digious Weight may be ſuſtained, and even raiſed 


by a ſmall Quantity of Water. 


Plate XX. Fig. 2.] Take two round Boards 
AB, AB, of 15 Inches Diameter, and join them 
together with a Piece of Leather, ſo that they 
may make a Cylindrick Veſſel ſomething like 2 


There is a Hole / in the upper Board, to 


whereby the Tube D is fix'd to ir, which is as 
long as the Tube uſed in the former Experi- 
ment. N 
Experiment 6.] Pour Water into this Bellows 
thro' the Tube, and the Water in the Tube will 
ſuſtain the Weights P, P, P, P, P, P, all which 


Weights will even be raiſed by continuing to pour 
Water into the Tube. . 

Tho' theſe are Paradoxes, they follow from 
the Nature of Liquidity; every Drop which is 
at reſt, endeavours to recede every way with 
qual Force;* if therefore it be preſs'd on one 
fide, it endeayours to recede that way. with the 
ſame Force, becauſe Action and ReaQion ate 
equal, and with that very Force it ſelf will preſs 
every way. In the firſt Experiment, the Watet 


which touches the Botrom, and correſponds with 
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he Tube, ſuſtains the Weight of the Column of 
ater contain d in the Tube, and reaching quite 
0 the Bottom, and preſſes the Bottom with ſuch 
Force, that it 'aQs with the ſame Force upon 
e Water next to it; and ſince that Water can - 
jor flow out againſt the Bottom, the Water next 
o that is alſo preſs d with the fame Force. The 
ame may be ſaid of the Water next to that; and 
pin all Parts of the Bottom, there is a Preſſure 
qual to that which nes under the Water in the 
lube ; and therefore the Bottom in this Caſe is 
s much pteſs d as if a Pillar of Water, of the 
lime Height as the Water in the Tube, and of 
i Baſe equal to the Bottom ſhould lie upon it. 
The fifth and fixth Experiments are illuſtrated 
Je ame P ̃ —vò‚ os: 
In the ſecond Experiment, ſuppoſe that the 
flinder A ſhould be continued, ſo as to reach 
I to the Surface of the Water; by this means 
hk? external Water would be ſeparated from the 
ater contain'd in this Cylinder, and then no 
Vater but this interior Water would preſs upon 
the Bottom, and the Bottom would ſuſtain it all. 
he Water in the Cylinder preſſes againſt the 
des of the Cylinder, and the external Water 
reſſes upon the external Surface of the Cylinder, 
nd the outward Surface is preſs d exactly in the 
me manner As the inward, and the Preſſures 
painſt oppoſite Points are preciſely equal; ſothat 
the Surface was taken away, theſe Preſſures 
ould deſtroy one another; therefore it is no 
natter whether there be ſuch a Surface or not, 
) that taking it away (that is, taking away the > - 
ontinuation of the Cylinder) the Action againſt 
le 1 no way alter l. 
The third Experiment is alſo illuſtrated by _ 
nat has been ſaid; for the Weight placed in 
de Balance is not — by the Water 
N e in 


# 
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= 71: in the Veſſel, but alſo by the Action of the in 
Ferior Surface - in the nn D 6 . en the 


Water. | 7 
Tho all chat has been ſaid Sevens upon ball 2 
Gravity of Liquids, their Actions muſt he 0 of 
Ringuiſh'd from their Gravity, which laſt is al 
— ways r to the 3 hoo you '% 
x 270 ter.” l Ie 
CHAD + | « - 
ov Solids immerſed i in Liquids, A 4 
 E have often faid, that the different Gr pref 
© viry of Bodies, whether Solids or Liquid 
ariſes from this, that they contain a greater or l 
3 of Matter i in an equal Space. * 
5 lo 

DzrixiTIoR . 
2. The Pvantity of Matter in a Body * can E. 
| der'd ia relation to its Bulk, that is, in relation . Bg 
the Space poſſeſs d by it, ic call d the Deny it w 
te Body. Rad 
A Body is faid to have double, or triple, of Ft 
the Denfity of another Body, when, ſuppoſinMttc 1 
their Bulks equal, it contains a double, « or a the « 
Oc. Quantity of Matter. will 
| follo 
vj Der1niTION = 5 War 
285 A Body is ſaid to be bs when-i W 
| 18 where of the ſame Denſti ty. Treat 
\ DeFiniTION II. led 4 5 
286 + Heterogeneous, when — Haus ny is . 75 
Aiierem Parts 2 = Preff 
BY e iy C 
287 The Gravity of a Body, conſidered with * th 


100 9 is called, r a, of a 5 


The ſpecifick Gravity is ſaid to be double, when 
under the ſame Bulk the Weight is double. 
Therefore the ſpecifick Gravities..and/Denſities 
of Bodies, in Homogeneous Bodies, are in the ſame 
Ratio ; and they are to 


of equal Bodies, in reſpet to their Bulli. 


* * 


one another as the 


Bulk is diminiſhed in the fame Ratio in which 
the Denſity is increaſed ; therefore in that Caſe the 
Bulks are me „% „od 
When a Solid is immerſed in a Liquid, it is 
weſs'd by the Liquid on all ſides, and that Preſſure 
mcreaſes in Proportion to the Height of ihe Liquid 
dove the Solid; as it follows from what has been 


io be proved by a direct Experiment. 
Experiment 1. Plate XX. Fig. 2.7 Tie a Leather 
t with Mercury; you may alſo make uſe of a 
the Water; by the Preſſure of the Water, againſt 
the Surface of the Bag, the Mercury in the Tube 
will riſe to n; and the Aſcent of the Mercury 


Water above the Bag. 


When 2 Body is immerſed in 2 Liquid to a 


neat Depth, the. Preſſure againſt the upper Part 
fers very little from the Preſſure againlt the un- 
e Fart; whence Bodies very deeply immerſed, 
| ae, as it were, equally preſs d on all ſides ; which 
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If Homogeneous Bodies are of the ſame Weight, 
ſbeir Bulks will be ſo much leſs as their Denſities 
ue greater, and under the ſame Weight the 


lid in the foregoing Chapter; and which may 


kg S to the end of a Glaſs Tube B n, and fill 


lows the Proportion of the Height of the 


Woghts 


Bladder ; let this Bag be immerſed in Water, but 
b that the end B of the Tube may be above 


Preſſure may be ſuſtained by ſoft Bodies, without 


* 8 # 7 W 


"ithout their breaking. | 
e 


ny Change of Figure, and by very brittle Bodies | 


* + f | * * 8 [ Me 4,3 7 : : 7 . i | " 5 5 - ö L A , i 
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Feen 2. Plaue XX. Fig. 5] Tas 
2 * Piece of ſoft Wax of an irregular Figure, with 
Egg, and incloſe it in a Bladder. full of War 

and the Bladder being exactly ſhut muſt be jy 

into a Braſs Box A; let it be covered with 
wooden Cover O, ſo that it may be ſuſtained} 
the Bladder; lay on a Weight P of 70 & 
Pounds, and the Egg will not be broken, nor t 


3 Figure of the Wax any way changed. _ 2 
1 292 A Body ſpecifically beawier than a Liquid, ii. 


5 immer ſed in a Liquid in any Depth, will deſcend, It 
inferior part of the Body preſſes the Surface of 
Liquid which it touches, and this Preſſüre is equ 
to the Weight of a Column made up of the Bod 
itſelf and the ſuperincumbent Liquid, and witht! 
Force the Body is carried downwards. The Weig 
of a like Column, but which conſiſts wholly c lone: 
Liquid, is the Force by which the Body is preſs 
1 290 upwards by the Liquid.“ But when the Solid ſotto 
275 ſuppoſed ſpecifically lighter than the Liquid, the: 
1 TE 7 is leſs than that, and therefore is overcomiis t 
W 8 it | * Ye EY AY | . 4 
293 It is proved by the ſame Reaſoning, Tue 
| Solid ſpecifically lighter than a Le and immer (riu 
into * muſt aſcend to the higheſt Surface of il 
85 . "I 
2 ut ſuppoſe a Solid of the ſame ſpecifick Grni tro 
7 b 5 Liquid, it will neither aſcend nor deſenſ ite. 
but remain ſuſpended in the Liquid at any H ite 
and the Liquid will ſuſtain the whole Body; in wii He: 
_ Caſe, by reaſon of the Equality of the ſpeci fer. 
Gravities, the Liquid ſuſtains a Weight equal I . 
the Weight of the Quantity of the Liquid, wi 
would fill the Space taken up by the Body. Þ 
2 Liquid acts in the ſame manner upon all eq) 
Solids immerſed to the fame Depth, and q © 
. | og ; More 
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x their Gravity. 2, 8 
DEFINITION v. 


d is called its reſpective Gravity. 

And this reſpectiue Gravity is the Exceſs of the 296 
reiſck Cy of 4 Solid above the  ſpecifick-. 
ravity of a Liguid ; for fince 4 Solid. ed 297 
1% Liquid loſes that part of its Weight which is 
eine by the Liquid, it loſes the Weight of” - 

E Partity of the. Liquid, which, could AY: tbe 

ce taken up by the Body. 


Experiment 3. Plate XXI. Fi 22.1.] Hang the hot- 
W Braſs Cylinder E to the Balance above-men- 
med; * hang the. ſolid Cylinder C of the fame + 251 
2 by a orſe- hair to a: Hook fix d to the 
tom, which if ix be put into the other Cy- 
der E, will exactly fill it; ſo that E when, 
is full of Water will contatain ſuch a Quantity | 
Water as will fill the Place taken up by 9 put 
Weight in the oppoſite Scale to make an 9.8 Eo 
rium let the Balance deſcend, that the Cylinder C 
1 be immerſed into the Water contained in the 

« D, by that means the MKquilibrium is 
ltro yed, becauſe. is partly ſuſtained by the 
act but 18 reſtored if E be filld "with 


ater, 

Hence it follows, that all equal Sali de, hs ef 29 

herent ſpecifick Gravity, when they are innerſed ©" 

bv the i Liguid, they loje equal Parts of their 

ge, The ſt. mentioned Experiment will 

ceed in the ſame, manner with a Cylinder of 

other Metal, and by pouring in the fame. 

| N. of Water, og is, 545 0 as will N 
Ti e. the ARNIE * hp ys be 

bore 


RES Ek "Mind 


ſtain a equally j s 8 all loſe a - 


4 Weight which keeps @ Body kd in a 1 295 


* 
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> 299 Moreover, from what has been ſaid it follows, 
that however the Denſities of equal Bodies differ 
among themſelves, if they be immerſed in the ſane 
Liquids. the Weights which they loſe is in the 
Featio of their Bulks, for the Spaces which they 
take up in a Liquid are in the ſame Ratio. 
Therefore Bodies of rhe ſame Weight, but of 
different Denfities, loſe an equal Part of their 
Weight, when they are immerſed in the fame 
Liquid, becauſe of the Inequality of their Bulks. 


Experiment 4 Plate XX. Fig. g.] Let two Pieces 
of Merl of the ſame Weight, the one of Gold, 
and the other of Lead, g, g, be ſuſpended with 

the Hook VV of the Balance above mentioned 

* 271 with Horſe-hair, * and you will have an Fqui- 
" librium ; let the Balance deſcend, and the Bodies 
g, g, be immerged in the Water contained in the 
Veſſel F F, and the Equilibrium will be de- 
ſtroyed. When a Solid fpecifically heavier than 

a Liquid, is ſuſpended in a Liquid, the Liquid 
acts on every fide againſt that Solid, in Propor- 

* 25otion to its Weight, and the Solid re- acts equally BM fir 
againſt it; therefore thoſe Actions are the fame B. 

as if the Space taken up by the Solid were fil di be 

200 With the Liquid ; therefore it 3s mo matter, in I thi 


” Ra <= ga my , y— — co .,..c 


reſpe# of the Gravity of the Liquid, whether «Ml bo 
Solid ſpecifically beavier than the Liquid be ful out 
ſpended in it, or a Quantity of the 1 be pouredi int 
in, which takes up a Space equal to the Solid. © 

Experiment 5. Plate XXI. Fig. 2.] Take the Vel- a : 
ſel A containing Water, hang it to one end of ber 
the Balance, immerge into it the Braſs Cylinder Foy 


C, which is ſuſtained by a Horſe-hair, leſt it 
ſhould touch the Bottom of the Veſſel, putting 
a Weight into the oppofite Scale; and you wi 
have an Equilibrium; take the Cylinder C on! 


0 


8 
| ö 
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F the Water, rhe Equilibrium will be deftroyed ; 
md it will be reſtored again by pouring in Water 
15 much as can be contained in the hollow Cy: 
linder E, which will be exactly filled by the ſo- 
id Cid . ᷣͤ Dy Ot TA 

By comparing together the Numb. 297 and 301 
100, as alſo the third and fifth Experiments, 
which confirm them, it appears, that a. Liguid 
uquires the Weight which the immerſed Solid loſes. 
The Force of Gravity is always proportionable 
to the Quantity of Matter, and is not changed 
by the Immerſion of a Solid into a Liquid; 
wherefore the Sum of the Weight of. the Solid 
and of the Liquid, do not differ before and after 
the Immerſion. E358 Par ej M wor vl 


Experiment 6. Plate XX. Fig. 5. | Hang the So- 
ld C to the Balance, and make an Equilibrium, 
by putting into the oppoſite Scale B the Weights 
P and p, of which p is equal to the Weight which 
the Body C loſes in Water. Take the Veſſel E, 
which contains Water, and is ſuſpended to the 
Balance E F, and putting a Weight into the oppo- 
ite Scale, make an Equilibrium here alſo ; let the os 
Balance deſcend with the Body C, that it ma 
be immerſed in the Water contain d in D, by 
this means you will deſtroy the Equilibrium in 
both Balances, which will be reſtored by taking 
out of the Scale B the Weight p, and putting it 
Bo oily e ee 208 
y ſpecifically - heavier than a Liqui 302 
which deſcends in . carried oak are _ x? 
2 greater Force than it is preſied upwards, - as has. 
forces is the reſpective Gravity of the Bod. 
The firſt Force in part conſiſts of the Weight 
of the Liquid incumbent over the Body, and the 
hody e to ſuch a Depth, 1 


— 


152: Mathematical Elements Book Il. 


that Weight ſhall be equal to the above-mentioned: 
ſpecifick Gravity: If in that Caſe you take away 


303 the ſuperincumbent Liquid, the Body will be 


> F. 
© : 


ſuſtained by the Preſſure of the Liquid under it. 


If the Body immerſed to a greater Depth, and 


the Liquid be alſo hindered from preſſing upon the 


upper Surface of the Body (becauſe the Preſſure 
by which a Body is puſhed up, increaſes as the 


Depth to which it is immerſed) * the Body then 


? 290 will be carried upwards with greater Force than 


OE: * 
* af I 
- 


downwards by Gravity; 'wherefore if it could 


move freely, it would aſcend. 


Experiment 7. Plate XXI. Fig. 3.] To the Cy- 
linder C, which is open at both Ends, apply at 
Bottom the Plate of Lead F, a Quarter of an 
Inch thick; if it fits ſo exattly to the Cylinder as 
to let no Water flip by, and the Plate be held 
up by a Thread faſtened to the Hook V in the Cen- 


ter of the Plate, until it be immerſed with the 


Cylinders to the Depth of about 3 Inclies, the 
Lead will be ſuſtained by the Water, as appears 
by letting go the Thread. If you immerge it to 
a: greater Depth, it will ſtick cloſer to the Cy- 
linder; but if to a leſs, it will fall oft. 
I this Experiment was made with a Plate of 
Gold, it ought to be immerſed to a greater 
Depth; for the ſpecifick Gravity of Gold is to 
eta ray Gravity of Water as 19 to 1; and 
therefore its reſpeQtive Gravity is to that of Wa- 
ter as 18 to 1.* Therefore to have a Pillar of 


* 296 Water equal in reſpective Gravity to the Plate 


of Gold, that Pillar muſt be above/r8 times its 


-. . Height 3 and therefore the Height of the Water 


above the upper Surface of the Plate of Gold, 


muſt be at leaſt equal to as many times its 
Lo LS ‚ P A ˙ ˙ . av 
£ W „ Es 


. 
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Experiment 8. Plate XXI. Fig. 2.] Take a C- 

be linder A with a moveable Bottom, that has alſo _ 

it. a Cover with the Tube D Joined to it, as was be- 

nd: fore deſcribed ; immerge it in Water, and when *28x 

he it comes to be a Foot under Water, the Bottom 

Ie will rife, altho' it weighs a Pound and 4 Quarter, 

he and has Pa Pound Weight ſcrewed to it at Botton. 

en If the ſame Solid be immerſed into Liquids. 204 

an of different Denſity, it will loſe different Parts of © 

ld its Weight: * And therefore when wo Bodies *297 
Fs of the-ſame Denfity and Weight are immerſed in 

| Liquors of different Denſity, they will lofe their 

y- Equilibrium. PITT. g N , 4 whe) 6 > oak: 


an ha ig 9. Plate XXI. Fig. 4. | Take two 
Wh flat Pieces g g, of the fame Metal and equal, 
eld and hang them upon the Hooks VM of the Scales 
en- A and B;; then by the Deſcent of the Balance im- 
the merge them in the Liquids contained in the Veſſels 
the F F, the one in Water, the other in Oil of Tur- 
ears pentine, and the Aquilibrium will be deſtroyed, . 


t to Ml the Piece which was immerſed in Oil becoming 
„ banettien £05 2nd 262 7 1s 1572 ro IN 

| A Solid lighter than a Liguid, and immerjed in 305 
f, aſcends and remains at the upper part of the 
ater WM Liquid,“ ſo as to be immerſed only in part; but 293 
3 to the greater is its ſpecifick Gravity, the more it 
and deſcends, and the Body will not be at reſt till the 
Wa-. immerſed Part takes up ſuch a Space in the Li- 
r of i quid, that the Bulk of the Liquid, which would fill 
late il 7hat Space, ſhall weigh as much as the whole Body. 
its For in another caſe the Solid does not act with the 
/ater i fame Force againſt the neighbouring Parts of the 
301d, Liquid, as the Liquid would act if it ſnould take 
its up the Place of the Body; therefore: in this caſe 


. i 


lone the Liquid and the Body can be at reſt.T #275 
Was, * , 2 3 9 „ 5 5 ROT : V * 
1 : 


6-5 at „ 
* 8 ST. i 


4 
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— a, 


It follows from this Propoſition, that he im. 


 merſed Parts of the Bodies ſwimming on the Sur- 
face of the ſame Liquor, are to one another as the 
Weights of the Bodies. Therefore if by ſuper- 


adding a Weight, the Gravity of the Body is 


changed, the immerſed Part is increaſed in the 


fame Proportion, and the Parts which deſcend into 


the Liquid by laying on of different Weights, are to 


one another as thoſe Weights. 


08 


Experiment 10. Plate XXII. Eg. 1.] Take a 
Veſſel A containing Water in it; let C be a hollow 
Cylinder of any Metal; lay upon it the Weight p, 
that it may deſcend into the Water with its Part b d; 


adding the Weight of one Pound, meaſure how far 


it will deſcend ; then adding another equal Weight, 
you will find that it will deſcend equally every time. 

In Numb. 302 and 303, confirmed by the Ex- 
periments 7 and 8, it appeared how a Body ſpe- 
cifically heavier than a Liquid may be made to 
ſwim ; by the ſame Method a Body ſpecifically 
lighter than a Liquid, may be retained at the Bot- 
tom : In that caſe the Preſſure of the ſuper-incum- 
bent Water is taken off; but here you muſt take 
oft the Preſſure of the inferior Water whereby the 
Body is puſhed upwards. | . 


Experiment 1 1. Plate XXII. Eg. 2.] Upon the 
Foot D, which is fixed at the bottom of the 


Veſſel A, there is a Braſs Plate b c exactly flat 


and poliſhed ; there is another Braſs. Plate b c, 
like the former, faſtened to a large Piece of 
Cork E, ſo that together with the Cork it ſhall 


make up a Body ſpecifically lighter than Water : 


Lay this Plate upon the other, ſo that they may 
fit, and keep the Cork down with a Stick while 


you pour in Water; leaving the Cork, it will 


not aſcend until, by moving it out of its * 
; 5 5 8 t 3 
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the Plates are ſeparated, ſo that the Water may 
_ its Preſſure | againſt the Plate joined with 
the Cork, and puſh it 2 2 h with the 
Cork. e 


of: the manner. of comparing my Dent ties | 


1 Liquids. TY, 


Gin nce | the Dealt! of Bodies is In: Pires 


ro their Gravity, by comparing the Weights 


309 - 


of equal Bodies we difcover their Denfities: * If 298 


therefore any Veſſel be exattly filled with a Liquid, 
and that Liquid be weighed ; and if you make the 
| me Experiment wit h other Liquids, their Weights 
01 be as their Denſities. But as this Method is 
liable to ſeveral Difficulties in Practice, I ſhall not 
ſpend any Time in explaining it here. 800, el 
When the Preſſures of tio Liquids are equal, 
the Quantities of Matter in Columns that have 


#72 


310 


equal Baſes, do pot differ; wherefore the Bulks, 273 


that is, the Heights of the Columns, are inverſely 
as the Denfitres * whence may be deduced the 1 


Method of « comparing them together. 3p 
Exper indent 1. Plate XXII. Pg. 375 has Kal. 


eury into a curve Tube A, ſo as to fill the lower 


part of the Tube from b to c pour in Water in 
one 


Oil 0 
Mercury 3 'c het in the ſame horizontal Line, and 
the Height of the Oil be c 4: Theſe Heights will 


be as 87 to 9 5 which is the inverſe Ratio that 
the Water has to the Denfity of 
Oil of Ade and therefore thoſe D ities 


the Der 


dre to A other as __ do wer 
bait 


from b to e; in the other Leg pour in 
f Turpentine, till both the Surfaces of the 


| "rand 
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The Mercury is poured. in, leſt the Liquids 
ſhould be mix d in the bottom of the Tube, 
The Denſities of Liquids are alſo. compared 
together by immerging a Solid into them; for if a: 
Solid lighter than the Liquids to be compared tage. 
ther, be immerſed Sucrehoely into different Liquids, 


the immerſed Parts will be inverſely as the Denſi- 
ries of the Liquids; for, becauſe the fame Solid 


| 312 


is made uſe of, the Portions of the different Li- 
quors, which in every Caſe would fill the Space 
taken up by the immerſed Part, are of the fame 
Weighr#* therefore the Bulks of thoſe Portions, 


that is, the immerſed Parts themſclyes, are in- 
verſely as the Denſitie s. 


Plate XXII. Fig. 4. | Take the Glaſs A, which 
is a hollow Ball that has a Tube divided into equal 
Parts; at the bottom of the great Ball there is 
a {mall one, part of which is fill'd with Mer- 


cury, or very ſmall. Shot, whole Weight ſerves 
to make the Tube deſcend vertically in Liquids, 


.. and ſtand in that Poſition: Care muſt be taken 


not to have too much Weight in the little Ball, 


for the whole Glaſs muſt be lighter than the Li- 


quids to be compared together. The Hydrometer, 


(for ſo it is call'd) deſcends to different Depths in 


different Liquids; and thoſe Denſities, as we have 


already ſaid, are inverſely as the Parts immerſed, 


7303 


which therefore are to be compared together. Tie 
a Thread to the Hydrometer, and weigh it toge- 


ther with the Thread; the Weight (if it be like 


mine) will be 573 Grains; if put into Water, it 
will deſcend to b; therefore a Bulk of Water equal 
to the immerſed Part of the Hydrometer-weighs 
573 Grains,“ and may be expreſs'd by that Num- 
r. Faſten the Thread above - mention d to the 
ook V of the Scale A of the Balance. repre- 


ſented in Plate XVIII. Fig. i. the Hydrometer 


_ 
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' remains immerſed ; put 20 Grains in the Scale B, 
and let the Weight P be moved gently to raiſe 


Denominators. 


the Balance (by which the Tube will be drawn 


a little way out of the Water) till there be an, 


Aquilibrium, and the Surface of the Water then 


will be even with the Point d; the Water ſuſtains 
the Weight of the whole Machine, except 20 
Grains, that is, it ſuſtains 553 Grains; and the 

Weight of the ſame Bulk of Water which is now 


immerſed, weighs juſt ſo many Grains, apd is 


expreſſed by that Number; wherefore one may 
call the Bulk of the Parts d þ of the Tube 2 
if the Space d b be divided into 10 equal Parts, 


and you continue the Diviſions upwards beyond 


b, and downwards below d, each Divifion may =. 


be called 2; and by obſerving the Diviſion to 


which the Inſtrument deſcends in a Liquid, 


you will have the Bulk of the immerſed Part; 


ſo if the whole Tube ſtands out above the Wa- 


ter, the immerſed Bulk will be 549; if it riſes 
to the upper Diviſions, the immerſed Bulk will 
be 579; and the Denſities of the Liquids in 
which this happens, will be inverſely as thoſe 


Numbers, that is, as 579 to 549, and only the 
intermediate Denſities, may be compar'd by. 


this Inſtrument; if the Ball was leſs in Propor- 
tion to the Tube, it would ſerve for comparing 
together Liquids - whoſe Denfities differ more 
than this. When ſeveral Liquids are compared 


together, the Numbers which expreſs the Bulk of 


the immerſed Parts are the Denominators of 
Fractions, which have 1 for their Numerator ; and 
theſe Fractions expreſs the Ratio of the Denfi- 
ties; for they are to one another inverſely as the 


Experiment 2. ] Let the Denſities of Waters 


containing different Quantities of Salts be to be 


com- 


2 ? ” 
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compared, the Hydrometer deſcends in the one 
to the Diviſion; if it be immerſed in another, 
it only deſcends to the Diviſion c, their Denfities 
will be to one another as 5 to 2, 4S may be 

eaſily deduced from what has been ſaid. N 
This Method is alſo liable to ſeveral Difficul- 
ties beſides this, that it is difficult to compare to- 
_ . gether Liquors. very different in Denſity by the 
pe F e Rar gn 
The beſt Method of all is, to make uſe of a 
Solid heavier than the Liquids. When the ſane 


314 Body is immerſed in different Liquids, the Weights 


which it loſes in the Liquids, are to each other as 


*297 the Denſities of thoſe Liquids * Here you muſt 


uſe a Hydroſtatical Balance,“ and befides a folid 


piece of Glaſs, as C, which may hang to one 


of the Scales by a Horſe-hair, Pale XXI. Fig 5, 
and 6. you muſt have a Weight, as P, ' which 
æquiponderates with the Glaſs. C, when it is 
immerſed in Water, as is repreſented in Fig. 4. 
The Difference between the Weight P and the 
Weight of the Glaſs C when it is taken out of 
the Water, is the Weight which the Body has 
loſt when weigh'd in Water: this muſt be ob- 
ſerved, that it may ſerve in all the Experiments; 
in our Balance it weighs 722 Grains. Suſpend the 
Body in any other Liquid, unleſs it be of the ſame 
Denfity as Water, the Equilibrium will not be 
0 : let it be reſtored by putting Grain 
Weights in either of the Scales; if they be put 
into the Balance A, add them to the above- 
mentioned Difference of 722 Grains; if the Weights 
be put into B, ſubſtract them from that Number; 
and by that means in each of thoſe Caſes, as eng. | 
pears, the Weight loſt by a Body is determined, 
that is, the Weight which exprelies the Denſity 
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1 Experiment 3.0 Let the Weicht "a" 3 "ASE 


de from the Scale A, be immerſed in Oil of Tur- 

6 pentine, whilſt the Weight P hangs from the 

* Scale B; put 94 Grains in the Scale B, and you 

5. will have an /Equilibrium. Then immerge the 

ho ſame Weight in Milk, that the Balance may re- 

| turn to an Equilibrium, a Weight of 22 Grains 

5 muſt be put in the Scale A. Subſtracting the firſt 

"A Number from 722, and adding the ſecond to it, 

55 you will have 628 and 744, expreſſing the Den- 

1 ities of the above-mentioned Liquids, whilſt 722 

ult ſnews the Denſity of the Water it ſelf. | 

vn 0 . | 

2 Of the Hydroſtatical Compariſon of Solids. 

JS [ N all -homogeneous and equal Bodies, the 

13 Denſities are as the Weights ;* in unequal 

he Bodies of the ſame Weight, the Denſities are in- 

of verſely as the Bulks :* if therefore both the Bulks 

12S and the Weights differ, the Ratio of the Denſi- 

b- ties is compounded of the direct Ratio of che 

Ss 3 Weights, and the inverſe Ration of the Bulks ; and 

he therefore dividing tbe Weights by the Bulks, you 

ne bave the Denſities, that is, you will have Numbers 

be that are to each other as thoſe Denſities. 8 
an The Weight of all Bodies may be compated by 316 
ut means of the Balance; the Bulks are found by ©. 
41 mmmerging Bodies in the ſame Liquid; for the 
. Weights which they loſe, are as their Bulks* 299 
Ip Plate XXI. Fig. 7.) Here alſo the Hydroſtati- 317 


ed, I cal Balance is to be uſed,* as likewiſe the Glaſs 274 
uy Veſſel D, in which the Bodies to be compared are 
to be placed; you muſt alſo have ſuch a Weight 
as is Tepreſented by P in Fig. 6. that is equal to the 
Nn 7 et. 
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Weight of D; and laſtly the Wei it þ (Fig. 8.) 
<quat- ro the Weight which the Gia D loſes 

ben it hangs in the Water. 

With a Horſe-hair you muſt faſten the Glaſs 
D in the Place of the Body C (TE. 4.) in the 
Scale A, and hanging the Weight P in the Scale 
B, you will have an Equilibrium. The Body 

= whoſe Denfity is required, is placed in the Glaſs 
= D (as we have faid before) and weighed, the 
| Veſſel and Body being immerſed in Water, put- 
ting the Weight p into the Scale B, the Fquili- 
= brium is reſtored in reſpect to the Glaſs D, you 
=. muſt add as much Weight beſides as is required 

to make an quilibrium, and that will be the 
| Weight loſt by the Body weighed ; by this 
= Weight therefore you muſt divide the Weight of 
= * 325 the Body it ſelf, to have the Denfity.* 


Experiment 1.] A Piece of Gold weighing 
287 Grains, loſt in Water. 7 4 Grains. A Piece 
Silver weighing 248 Grains, loſt in Water 24 
Grains. Therefore their Denfities are as 18 5 
to 103, that is nearly as 11 to 6. By faſtening 
2 Body whoſe Denſity is required, and is heavier 
than a Liquid, to a Body lighter than the Li- 
quid, the Denſity is alſo diſcover d. 


318 Plate XXII. Fig. 5.) Take the Machine A, 
„like the Machine deſcrib'd in the preceding Chap- 
312 ter, * and let it have fix d to its Bottom the Ring 
DE, and to its Top the Ring FG; then the 
i Ball will by its own Weight be in part immetg'd 
in Water. This Machine cannot be apply d to | 

U (e, unleſs you know by ſome other Method 
bow much of its Weight any Body loſes in Wa- 
ter; therefore we lay down as known, that 109 
W Grains of Lead weigh in Water but 100 Grains; 
therefore lay juſt as many Grains upon the 10 
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DE as will make the Machine when immerg' d 
in Water deſcend to 4; lay what number of 
Grains you pleaſe upon the Ring FG; for Ex- 
ample, Eight, and the Machine deſcends to c; 


the Spare à c muſt be divided into Eight Parts 
and the Divifons muſt be continued upwards and 


dowmwrards; If you make à the hundredth. Diviſi- 
on, c will be the hundred and eighth Diviſion, and 
the lowyeſt of all in this Figure will be the 97th. 
'Fis. plain, that if the Propofitionof Nun. 307 be 
compar d with the aforefaid Preparation, the Di- 
ion, to which the Machine deſcends.in Water, 
ſhews the Weight of the Grains which preſs down 
the Machine: ; therefore laying a Body upon the 
— D E its Weight in Water will be determin d; 
by lubſtracting this Weight from its Weight out 
of the Water, you will have the Weight Joſt in 
the Water ; by which if the Weight out of the 


Watet be divided, the Denſity. is diſcover d, as 


has been Aid in che Begining of this Chapter. 


Experiment 2.] Lay a Piece of Braſs, wwe. 
ing, ter Example, 100 Grains, on the Ring D E 
by which the Ball of the Machine is not im- 
merge d ; lay any Weight for Example, of 17 
Grains, on the Ring F G, and the Machine de- 
kends to b, that is, to the 1oꝝth Divifion; which 
proves, that the Machine is preſs d down by fo 


many Grains ; from this number of Grains ſab- _ 


act the 1 laſt mentioned, the remaining 88 


ue the Weighs of the Piece of Braſs in Water 


which th ' loſes 12 Grains. if again, the 


Weight, 100 Grains be divided by the 12 Grains, = 


yon have 83, r the Denſity of the Braſs. 
The Denſities of any other Bodies may be found 
after the fame mnner. 7 % i AR 
. Big 3 „ Difficultien The 
oregoing is the beſt of all! 
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e the Refiftance of Fluide. 


319 K LL Bodies movedan Fluids ſuffer a Reſiſlance, 
A which ariſes from two Cauſes, The firſt is the 
Cobeſion of the Parts of the Liquid. A Body in its 
Motion ſeparating the Parts of a Liquid muſt over- 
come the Force with which thoſe Parts cohere, 
and thereby its Motion is retarded. The ſecond 
12 7s the Inertia, or InaQtivity of Matter, that belongs 
to all Bodies, which is the reaſon that a cer- 
rain Force is required to remove the Particles 
from their Places, in order to let the Body paſs. 
The Body acts upon the Parts to remove them, 
and they diminifh its Motion by Re- action. 
320 The Retardation from the firſt Cauſe, that is, 
' the Coheſion of Parts, is always the fame in the 
fame Space, the fame Body remaining, be the 
Velocity of the Body what it will. The ſame 
Coheſion is to be overcome in every Caſe; there- 
fore this Reſiſtance increaſes as the Space run 
through, in which Ratio the Velocity alſo in- 
* 53 creaſes ; * therefore it is as the Velocity itſelf, 
321 - The Reſiſtance ariſing from the Inertia, or Inafli- 
vity of Matter, when the ſame Body moves through 
different Liquids with the ſame Velocities, follows 
the Proportion of the Matter to be removed in the 
ſame time, which 7s as the Denſity of the Liquid. 
322 ben the ſame Body moves through the ſame L- 
quid with different Velocities, this Reſiftance in. 
_ creaſes in proportion to the Number of Particles 
ſtruck in an equal Time, which Number is as the 
Space run through in that Time, that is, as the 
Velocity. But this Reſiſtance does farther increaſe 
in proportion to the Force with which the Body 
runs againſt every Fart; which Force is alſo 3 
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the Velocity of the Body. And therefore, if the 
Velocity is triple, the Refiſtance is triple from 
triple Number of Parts to be removed out of 
their Places. It is alfo triple from a Blow three 
times ſtronger againſt every Particle; therefore 
the whole Reſiſtance is Ninefold, that is, as the 
Hare of the Velocity. 8 N 
ts WM A Body therefore moved in a Liquid is reſiſted 


xr- Wratly in a Ratio of the Velocity, and partly in 1 


te, duplicate Ratio of it. The Reſiftance from the 
nd hel of Parts in Liquids, except glutinous ones, 


ps {Mint very ſenſible inreſpett of the other Reſiſtance ; 
er- Myhich as it increaſes in a Ratio of the Square of 
les be Velocities, * but the firſt in a Ratio of the * 222 


IS. M\clocity ir ſelf: *by how much the Velocity in-+ 220 


m, Mccaſes, by ſo much more do theſe Reſiſtances 


Motions the Reſiſtance alone is to be conſidered, 
which is as the:Square of the Velocity. _. 
I ſhall not now treat of tenacious or glutinous 
Liquids, nor of ſlow Motions, in which the 
leſiſtance ariſing from the Coheſion of the Parts 
huſt be consdssdd ð 3 IS 

Fa Liquid be included in a Veſſel of a Priſmatical 225 
figure, and there be moved along in it with equalVe- 
leity, and a Direction parallel to the Sides of the 
trim, two Bodies, the one ſpherical and the other 
glndric, ſo that the Diameter of the Baſe of this ' 
ſt be equal to the Diameter of the Sphere, and the 
Winder be moved in the Direction of its Axis, 
leſe Bodies will ſuffer the ſame Reſiſtance. Todemons 
Inte this, ſuppole the Bodies ar reſt, and that the 


rides liquid moves in the Veſſel, with the fame Velo- 

; the iy that the Bodies had; by this the relative Mo- 

s the Non of the Bodies and the Liquid is not changed, 
reaſe Micrefore the Actions of the Bodies on the Liquid. 
Body Ind of the Liquid on the Bodies, are not changed. 8 
Io 28 


ile Retardation * the Liquor ſuffers in 
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lifer amongſt themſelves; wherefore, in _ſwifter” 324 


paſſing 


Ge co wo codon = 


— Hier BUY 


326are moved and the Liquid is at reſt. 


Wl are greater the more blunt the Buch is, and 


the chi Cau of the Retardation. 


_ gether. We ſuppoſe the Bodies ſpherical, tho 


by the Body, ariſes only from this, That 
pu bent 8 to a narrower Space, 
but the Capacity of the Vellet is equally dimi- 
niſhed by each Body; therefore each Body pro- 
duces an equal Retardation. And becauſe. AQion 
and Re- action are equal to one another, the Li 
quid acts equally upon each Body; wberefbre al 
each Body is equally retarded, when the Bodies 


This. Demonſtration will alſd obtain, tho? the 
Veſſel be. ſuppoſed much bigger; wa ie will do 
in an infinite Liquid e i 
nay lie referred to Bodies deeply: —— Here we 
ſpeak of a continuous Liquid, and whoſe Pars 
cannot be reduced into a leſſer Space by Preſſure; 
otherwiſe there wilb be an 9 before 
the Body, and a Relaxation behind; and ſo much 
the ay the parc re th rhe- Body pt 6 m_ 
27216 cauſes a greater ularity in the on 0 
7 the — and à greater Retardation-in the Mo- 

the Body. 

ben a — moved' in any Liquid along th 
Surface, the Liquid is raiſed before-the Body, and 
depreſſed behind; and theſe Elevations and De- 


bat means it 1s more retardad; for there is 
alſo. a greater Irregularity in the Motion of theſ 


328 Liquid in this Cafe, which fs] more increaſegc: 


the Retardation of rhe Body. This z6 rug 
if the Body — not immer. ei duep; yet in det Cal | 
the of the Motion of the Liquid i 


Therefore to rake away: theſe Irregularities, 2 
muſt confider Bodies as deeply- immerſed, anc 
give Rules relating to them; by which the Ref 
tardations in ſeverall Cafes may be compared to 


the Demonſtrations will ſerve for all | fimilar Bc Iz 
dies moved in the ſame manner. Here 
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| Here you muſt obſerve, that rhe Refiflonce is to 329 
2 — fromthe Retardation ; the Reſiſtance | 
produces the Rerardarion. Ihen we fprak of the 
ſane Body, rhe one may be taken for the other, 
becauſe they are in the ſame Proportion; bur ſup- 
Loſing the Bodies differen, the ſame Refiſtance 
Joften es diſterent Recardations. From the 330 
ies Re/iftence ariſes a Motion comrary to the Motion 
Vibe Body; the Retardation is the Celerity, and 
the Reſiſtance 1tfelf is the Quantity of Motion. 
Let the Bodies be equal, but of different Denſities, 331 
ind moved through the ſame Liquid with equal 
Velocity, the Liquid acts im the fame manner upon 
both; therefore they ſuffer the ſame Reſiſtance, 
but different Rerardations ; and they are to one 
mother as the Celerities, which may be generated 
by the ame Forces in the Bodies propoſed *; 330 
that is, they are inverlly as the Quantities of 
romp in thoſe Bodies, * or mouerfly as the Den- 60 
es. e | 
Now ſwppoſing Bodies of. the ſame Denſity, hut 331 
equal, moved equally faſt thro' the ſame Fluid, the £4 | 
Refiſtances increaſe according to their Super- 
cies, that is, as the Squares of their Diameters z 
the Quantiries are increaſed in proportion to the 
| Cubes of the Diameters; the Refiflances are the 
nem Quantities of Motion, the Retardations are the 
eelerities arifing from them; * dividing the+ 330 
Ovantities of Motion by the Quantities of Mat- 
eier you will have the Celerities * therefore he 64 
eorardations are directly as the Squares of the 
Diameters, and inverſly as the Cubes of the 
Viameters, that is, mmver/ly as the Diameter: 
themſefoges.  _ 1 | : 
1} the Bodies are equal, move equally fwift, and 
tore of the ſame Denfity, bat are moved thro 33? 
to eren: Liquids, their Returdut ions are as the, 5 
* Fo Denſities of thoſe Liquids nu 3255 
" Ee When zar, 


| 


F 


| 


* 334 


'* 333 the Bodies are moved; thirdly, inverſiy as the Di. 
* 332 ameters of thoſe Bodies; laſily, inverſiy as the 
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324 TIWhen Bodies equal, deaf and equal, are carried 
thro' the ſame Liquid with different Velocities, the 

* 324 Retardations are as the Squares of the. Velocities.* 
329 From what has been ſaid, the Retardations of 
335 any Motions may be compared together, for they 
are, firſt, as the Squares of the Velocities; & ſe. 
condly, as the Denſities of the Liquids thro' which 


* 33! Denſities of the Bodies themſelves. * 
The Numbers in the Ratio compounded of 
thoſe Ratio's, expreſs the Proportion of the Re- 
tardations. 1 the Square of the Ve- 
locity by the Denfity of the Liquid, and diyiding 
the Product by the Product of the Diameter of 
the Body multiplied into its Denfity, and work- 
ing thus for ſeveral Motions, the Quotients of the 
Divifions will ſtill have the ſame compound 
Ratio to one another. _ e 
Theſe Retardations may alſo be compared to- 
gether, by comparing the Reſiſtance with the 
324 Gravity. It is demonſtrated, that the Reſiſtanet 
of a linder, which moves in the Direction of its Ax, 
(ro which the Reſiſtance of a Sphere of rhe ſame 
+ 425 Diameter is equal, *) zs equal jo the Weight of a - 
Linder made of that Liquid, thro' which the Body is 
moved, having its Baſe equal to the Bodys Baſe, 
and its Height equal to: half the Hejght, fron 
which a Body falling in Vacuo may acquire tht 
Velocity with which the ſaid Cylinder is moved thro 
the Liquid. From the given Celerity of the Body 
moved, the Height of the Liquid Cylinder 15 
Found, as alſo the Weight of it from the known 


 ſpecifick Gravity of the Liquid and Diameter af 


the Body. Let a Ball, for Example, of 3 Inches 
Diameter be moved in Water, with that Celerity 
with which it would go thro 16 Foot in a Se 


Fong : From het bis been faig of falls 


* Bodis 


A tra 559 A bin, oc Fo yeoud ama. 
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Bodies and Pendulums, * as alſo by Experiments *,157 
made on Pendulums, it has been found that this 35 


is the Celerity which a Body e e — . — 134 
ore t eight, 5 


from a Height of 4 Foot; th 
of a Cylinder of Water, of 3 Inches Diameter, 
and 2 Foot high, that is, a Weight of about 6 
Pounds and 3 Ounces, is equal to the Reſiſtance 

of the aforeſaid Ball. ̃ 


Ler the Reſiflance ſo diſcovered be divided by 337 


the Weight of the Body, which determines its Quan- 
tity of Matter, and you will bave the Retardation.* + 
By which Rule the Proportion of the ſeveral Re- 


fame as is given by the foregoing Rule. 33 
Having conſidered the Retardations of direct 
Motions, we pals on to the Motion of Pendulums. . 


The Arc deſcribed by a Pendulum oſcillating 338 


in Vacuo, with a Celerity that it has acquired by 
deſcending, is equal to the Arc which is deſcri- 


bed by the Deſcent ; * the ſame does not happen * 131 


in a Liquid, and there is a greater difference be- 

tween thoſe Arcs, the greater the Reſiſtance is 
that is, if you ſpeak of the ſame Liquid and Pen- 
dulum, the greater the Arc is which is deſcribed 
in the Deſcent. "I * e 


Let the Reſiſtance of the Liquid be an Proportion 339 


to the Velocity, and two Pendulums, entirely alike, 
oſcillating in a Cycloid,” perform unequal Vibrations, 

and begin to fall the ſame Moment; they begin to 
move by Forces that are as the Arcs to be deſcribed z* * 159 
if thoſe Impreſſions alone which are made the = 
firſt Moment, be confidered, after. a given Time 
the Celerities will be in the ſame Ratio as in the 
beginning; for the Retardations, which are as 

the Velocities themſelves, * cannot change their * 329 
Proportions , for the Ratio between Quantities 

is not changed by the Addition and Subſtraction 

of the Quantities in the woe Ratio. Therefore 


in b Times, however the Celetities: of Bo- 
dies ate changed in their Motion by the Re- 
 Giſtance, Spaces which are gone thro' ate as the 
* 53 Forces in the beginning ;.* that is, as the Ares to 
be deſcribed by the Deſcent; therefore after any 
Time the Bodies are in the correſpondent Points 
of thoſe Arcs. But in theſe Points the Forces are 

* 156 generated in the {ame Ratio as in the beginning, * 
and the Proportion of the Celerities which is not 
varied by the Reſiſtance, ſuſfers no Change from 
the Gravity. In the Aſcent, Gravity retards the 
Motion of the Body, but in correſpondent Points 
its Actions are in the {ame Ratio as in Deſcents. 
And therefore every where in- correſpondent Points 
the Cderities are in the ſame Ratio. But as in 
the ſame Moments the Bodies are in theſe cone- 
_ Jpondenr Points, it follows that the Motion of 
both is deſtroy ed in the Game Moment, that is, 
they finiſb their 3 in the ſame Time. The 
Spaces run thro' in the Time of one Vibration, 

are as the Forces which they are run thro'; 
240 that is, the Arcs of the whole Vibrations are « 
the Arcs deferihed by the Deſcent, whoſe double 
are the Arcs to be deſcribed in Vacyo. The De- 
341 fed of the Arcs to be deſcribed in Liquids from 


tze Arcs to be deſcribed in Vacuo, are the Difte- 


rences of Quantities in the ſame Ratio, and are 48 
the Arcs deſeribed by the Deſcent. 
Since there is the ſame Proportion berween 
„42 thoſe different Arcs, it follows, that the Celernes 
34 in the correſpondent Points of the Ares deſcribed, 
are every where as the Arcs wy ane by the Dee 
ſcent ; tor theſe correſpondent Points are alſo the 
correſpondent Points of the Arcs to be deſcribed 
in Vacuo, in which we have demonſtrated that 
this Proportion holds, 
343 Now {et the Rejiftance increaſe in the duplicate 
Ratio 7 on e oa * = rn payers 
„ une qua 
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axcqual Vibrations, the greateſt cuil Jaft the langeſt 
becauſe rhe Refiſtance increaſes more than in che 


Yet the. Celerities, ſuppoſmg the Arcs not very 


unequal in the bord. een. Pars of the Arcs de- 
ſcribed, are every where nearly in the ſame Ratio, 
and indeed in the Ratio of the Arcs deſcribed by 
the Deſcent. If the Reſiſtance was in the Ratio 


of the Celerity , this Proportion would ob- 
tain ;* but now it is difturb'd by reaſon of 34 


a greater Reſiſtance in a greater Vibration, 
by which the Motion in this is more diminiſh- 
ed. But it is more accelerated by two Cauſes, 
Iſt, this greater Vibration laſts longer, and the 


Body ſtays longer in a certain Space, than in the 


7 - 
= 


4 


344 


- 


2 


correſpondent Space in a leſs Vibration, and is 


accelerated during a longer Time. 2dly, the 
Defedt of the Arc deſcribed here, from an Arc to 
be deſcribed in Vacuo, is greater in Proportion, 


in a greater Vibration, becauſe in this the Re- 


ſiſtance differs more from the Reſiſtance in a leſs 
reſpondent Points keeping the ſame Proportion, 


Vibration, than in Numb. 241. therefore the cor- 


are more diſtant from the loweſt Point in the great- 
er than in the leſſer Arc, as long as the Body de- | 


ſcends in it: therefore in Proportion it has à great- 


er Acceleration, becauſe the Force, which acts con- 


tinually on the Body, is as its Diſtance from the 
lower Point; therefore there is a Compenſation, 


and the Proportion above mentioned is reſtored, 


In the Aſcent of the Body, the Duration of the 
Retardation concurs with the Reſiſtance to di- 
ſturb that Proportion; but now the correſpon- 
dent Points are leis diſtant from the loweſt Point 


5156 
$ 


in the greater Arc (the ſame Proportion conti- 


nuing) than in the leſſer, and the Gravity in 
Froportion produces a leſs Retardation; wy 


* 
2 * 
2 N 
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therefore now (the Proportion continuing) the 


Difference of the Diſtance of the correſpondent 


Points from the loweſt Point is increaſed, ſo that 


à Compenſation is given from this alone. 
The Refiſtances which are as the Squares of 
the Celerities, and therefore every where in cor- 


*329 


reſpondent Points, as the Squares of the Arcs 


deſcribed by rhe Deſcent, in which Ratio alſo the 


Retardations are;* but as each of them keep the 
ſame Proportion in correſponding Points, the Sums 
of them all will be in the fame Proportion; that 
is, the whole Retardations, which are the Defects 


of the Arcs deſcribed in the Liquid from the Arcs 


345 


346 


to be deſcribed in Vacuo ; or, what is the fame, 


the Differences between the Arcs deſcribed in the 


Deſcent and the next Aſcent. Therefore theſe Dif- 
ferences, if the Vibrations are not very unequal, 


are nearly as the Squares of the Arcs deſcribed by 


the Deſcent. Which is allo confirmed by Experi- 


ments in greater Vibrations; for in theſe the Pro- 
portion of Reiiſtance, which we treat of here, ob- 

Fill the wooden Veſſel ABF CD, (Plate XXII. 
Eg. 6.). 3 Foot long, 1 Foot wide, and 1 Foot 
high, with Water; hang up the Pendulum V p 
by a Hook V hanging over the middle of the 
Veſſel; this Pendulum is made of an Iron Wire 


7 or Foot. long, and a Leaden Ball p of 


the Diameter of an Inch and a half; when the 


Pendulum is at reſt, the Ball is diſtant 3 Inches 


from the Bottom of the Veſſel. At P there is a 


greater Ball of Lead, of 3 Inches Diameter, joined 
to the Iron Wire, that the Ball P may be the leſs 
retarded in Water. e 

Acroſs the Top of the Veſſel; upon the Brim 
of it, may be moved a Board about 5 Inches 
high, to which muſt be applied the diyided Braſs 
Rulers EG, E G, and the Indices M, M, for 
meaſuring 


8 
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meaſuring the Angles deſcribed by the Pendu- 


lum in the Deſcent and Aſcent, by the Method 
given Numb. 170. Page 70. o 


Experiment.] Let the Rulers E G, EG, beſo © 


diſpoſed, that the Ends G, G, may be over a- 


gainſt the Pendulum when it is at reſt, and in 


ſuch manner that between their Ends there may 
be a Diſtance equal to the Diameter of the Wire 


to which the Bodies P p are fixed. Let one In- 


dex be applied to the 16th Diviſion of the Ru- 
ler, and another to the 14th Diviſion of the 
other Ruler; let the Pendulum fall from 


that Diviſion, and it will riſe almoſt to this. 
If inſtead of theſe Diviſions you take 20 and 
16 ;, the Experiment will ſucceed in the fame 
manner, as alſo when you apply the Indices to the 


Diviſions 24 and 193. Take care that the Water : 


be perfectly at reſt. | © > ns 
In this Experiment the Arcs deſcribed 'in the 
Deſcent are to one another as 4, 5, and 6, whoſe 


Squares are 26, 25, 26; the Difference of thoſe - 


Arcs from the Arcs deſcribed in the Aſcent, are 


2, 34, 4 5, which Numbers are to one another 
as the aforeſaid Squares, as appears by multiply- 


ing them 


* 


1 1 3 
A Body 7 25 deſcending in a Liquid is accele- 


347 


rated by the reſpective Gravity of the Body which . 


continually acts upon it; yer not equally as in a 
Vacuum, the Reſiſtance of the Liquid occaſions 
a Retardation, that is, a Diminution of Accele- 
ration, which Diminution increaſes with the Ve- 
locity of the Body. For there is a certain Velocity 
which is the greateſt that a Body can acquire by fall 
ing; for if its Velocity be ſuch, that 5 Reſiſtance 
ariſing from it becomes equal to the reſpetive Weight 
of the Body, its Motion can be no longer accele- 
zateg ; tor the Motjon which is continually ge. 
p LS nerated 
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dene by the reſpeRtive Gravity, will be de- 

. ne Reſiſtance, and the Body forced 
;equably : The Body continually comes 


* * * 
p „ et - 
ſp = 
1 * 


% 1 
1 1 
3 
"7 


barer to this greateſt Celerity, but can 
nnn to it. 5 
en the Denſnies of a Liquid and a Body 


— 
= - 
1 
4 
= 


f 350 Diameter; which Height is to be increaſed in the 
Ratio in which the reſpective Weight of the Bo- 


351 ©, A Body dghter than a Liquid, and aſcending in it 
by the Ain of the Liquid, is moved exattly by tbe 
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Book II. f Natural Philoſophy. w75 
the Liquid, and carried up with a' Force equal 
to the Difſtrence of the Weight of the Quantity | 
of the Liquid, of the fame Bulk as the Body, 
from the Weight of the Body, as appears by 
comparing Numb. 293. with Numb. 292. therefore 
you have the Force that continually acts equably 
upon the Body, by which not only the Action of 
the Gravity of the Body is deſtroyed, ſo that it 
is not to be conſidered in this Caſe, but by 
which alſo the Body is carried upwards. by a 
Motion: equably accelerated, in the ſame man- 
ner as a Body heavier than a Liquid deſcends by 
irs reſpective Gravity; but the Equability . of the 
Acceleration is deftroyed' in the fame manner by 
the Refiſtance, in the Aſcent of a Body lighter 
than the Liquid, as it is deſtroyed in the Deſcent 
of a Body heavier than the Liquid. V8 
When a Body fpecifically, beavier than a Liquid is 352 
thrown up in it, it is. retarded” upon a double Ac- © 
count, on account of the Gravity of the Body, 
and on account of rhe Reſiſtance of the Liquid; 
therefore a-Body riſes to a leſs Height than it would 
riſe in Vacuo with the ſame Celerity. But the De- 
fets of the Height in a_ Liquid from the Heights to 
which: a Body would riſe in Vacuo with the fam@ Ce- 
lerities, have greater Proportion to each other than 
the Heights themſelves, and in lz/s Heights the 
ae are nearly as the Squares of the this he in 
2 %%. N 13 1 
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"Pk RT II. Of the Motion of Fluids. 


n 888 


Of the Celerity of a Fluid ariſing from the 
Preſſure of the ſuperincumbent Fluid: 
| | > a; Nice e g by ger 

4 "87s A and that equally every way; * becauſe 

Action is equal. to Reaction, it endeavours to 

recede every way with equal Force; therefore 


ou take off the Preſſure on one ſide, the Liquid 


will move towards that ſide; and which way ſoever 

the Preſſure be taten away, it will move with the 
ſane Celerity ; which will be confirm'd by the Ex- 
periments to be mention d in the following Chapter. 
At the ſame Depth the Celerity is alfo every 


: | where the ſame, by reaſon of the Equality of the 
*273 Preſlure, * but when the Depth is changed, the 


| | Yet the Velocity does not follow the ſame Pro- 
portion as the Depth; tho' the Preſſure from 
which the Velocity ariſes, does increaſe in the 


272 Celerity alſo is changed. 


*273 ſame Ratio as the Depth.“ The Quantity of Mo. 


tion which is produced in the Liquid, is the ef- 
ſect of the whole Preſſure; and this Quantity 
 * 59 increaſes as the Preſſure, * but the Ratio of the 
Quantity of Motion is compounded of the Ratio 
of the Velocity and the Quantity of the Matter 


2 64 moved.“ Here the Matter moved is the Water, 
| which goes out of the Hole, whoſe Quantity, 


the Time remaining the ſame, increaſes with the 


ematical Elements Book Il. 
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Celerity; it will be double if the Celerity be 
doubled, in which Caſe the Quantity of Motion 
is quadruple that is, increaſed as the Square: of 
the Taler „which obtains in any Celerity ; there- 
fore that quare increaſes as the Preſſure; that is, 


is the Height of the Liquid t the Hole wg 1 


which the Water IPs: 


Plate XXIV. Fig. 1. | Fill with Water . Fa 
nllelopiped AB, which is 15 Inches long, and. 


that its Bottom may be raiſed about 8 Inches above 
the horizontal Bottom of a hollow Trough CD, 


whoſe Length is almoſt 4 Foot, and Breadth a 


Foot and half, and Depth 5 or 6 inches. 
At E, near the Bottom of the Veſſel A B, there 
is fixed a Braſs Tube horizontally, above half 


an Inch in Bore; the fore Part of it is ſhat by. 


2 Plate, in the middle of which there is a: Hole, 
whoſe Diameter is equal to j Inch: that Hole is 


ſhut with a Cover that ſcrews on upon the fore 


Fart of the Tube. 


The Celerities, with which the Water flows [1 
out from E when you have opend the Hole, 


are compared together by help of this Machine. 


Let it move, for Example, in the Line EL, and 


at L let it come to the Bottom of the Veſſel CD; 
this Motion may be reſolved. into two Motions 3 
the one horizontal along E I, in the Direction 
that the Water has in going out of the Hole, and 
the other vertical along IL; the firſt is equa- 
ble, and the Water, with the Celerity with "_ 
it goes out, runs thro' the Space E I, in 

ſame time that in falling it runs thro Tus 


whatever the Celerity be, I L is not changed, 


becauſe E I and the Bottom of the Veſſel are 
horizontal, rherefore-the Time is not changed 


in a which ſcgerel ſuch Lines as EI may be run 


356 
as wide, and-2 Foot high; it muſt be ſo placed 


355 


F209 


thro', 


— 


s Mathinmotical Elements | Book l. 
_ theo, and therefore! they are this Celrritier with 
-53 which the Wales goes ou 

Diſtance to which ie Ver ous e 
3 Line 87 e 


5 Pe A B, up to the Height of five: Inches. above 
to which the Water fpours;. if more Water be 


_. the Diffances ate here as the Height! of the 


i you meadure the 


13 Let 1 be the Ve 


en G wwe 


the Hole at E; let the Diſtance be meaſured 


poured. in to the Height tmentꝝ Inches, it wil 
{pout to 4 double Diſtance. The Squares of 


Water, in whitt _ W — the 


-- _  Celknities. - 
3357 


abr Depth, would acquire"; forthe Velocity 


*355 
331 
130 


| la yarns and a Tube with 2 Hole. like the 


we 
ale 


code wit rhe fame Machine as was uſed in 


Rae the Veſlel A therefore the Water, by an 


The — of 4 id ava] 


Det th, * 
as that abich-# Boch, alling from 1 ſar 


g equal 10 
of a Li 
quid mcreaſes; when the Depeh of rhe Hole belon 
the Surface of the Liquit increaſas, i in the fime 
Ratio as the Cure ot che i 
ereaſes when the Space gone'thro/ by the Fall in- 
creaſes &; and in the Beginning theſe Velocities 
ae equal; for in a Liquid the upper Parts, 3 
well as in 4a Body at the beginning of en e 
r A by: Cra only erat 


E aperimnine- 2. Plus KEW. F This is 


the former Experiment; the Veſſel & N is filled 


Tube E is placed at F, ſu tliat the Height of 
8 of dhe Water above thi 

m of the: Veſſel C D, is divided by that 
* O equal Parts; the Water from that 
will ſpout wo M, fo thar the horizontal 
Diftance from the Point M ta the Hole will be 
double the Height of the Hole above the Bottom 


N 


Surface of the Water above the Hole. 


equable Motion, and f with the Celerity with ; 


— 


which it goes out, runs thro* double the Space 


of that Height, in the time in which a Body 
can fall from F to the Bottom of the Veſſel C D, 
and therefore it moves with the Celerity which 


2 Body can acquire in falling from that Height *; 134 


but this Height is equal to the Height of the 


1 


cb. v. 


\ Ligud bene sich ous of « fut, t 358. 


{ up with that Celerity, with which it 
would come up to the upper Surface of the Liquid, yet 


it never comes up to that Height ; and that for ſeve- © 357 : 
ral Cauſes, 1. The Celerity by which the Li- 37 


quid aſcends, is diminiſh'd every Moment, and 
the Column of the ſpouting Liquid conſiſts of 


Parts, which are moved to different Heights by 


different Celerities ; all-the Parts of a Column, 
which is every where of the ſame Thickneſs, are 
neceſſarily mov'd by. the ſame Celerity ; the ſaid 
Column every where will be broader every 

ment, as the Celerity of the Liquid is diminiſh'd; 


which ariſes from the Impulſe of the Liquid fol- 


lowing, and which from the Nature of a Liquid 
yields to every Impreſſion, and is eaſily moy'd 
every. way; by that Impreſſion the Motion is 
retarded every where. 2. This Motion is alſo 
diminiſh'd by the Liquid, becauſe when it hath: 
loſt all its Motion it hangs in the upper Part of the 


Column, and is ſuſtained for a Moment by the 


Liquid that follows, before it flows off. on the 


Sides, which retards the Liquid that follows it, . 


and that Retardation. is communigated to the 
whole Column. 3. * ty Friction againſt Th 


Rides 


FP 


Sides of the Hole;;tbe: Crlexiry1of the Liquid i is 


: OT; ; which Friction is increas'd when the 

| uid is brought through Pipes and Cocks. 
Ly, the Air ane ſtanc ſtops the Motion 
| of Liquids... ET PER 

The firſt Cauſe above-mentioned. of the Re 
tardation cannot be corrected. 

The Second is corrected: by-ſomewhar inclioing 
the Direction of the Liquid, as is ſelf-evident ; 


359 and this is the Reaſon. wby'a Liguid riſes higher, 


Fits Direction be a little ee than $6 it ſpouts 
verti cal. e 


Exp Galen 1. . xa... Fig. 5 7 To the 
* + 356 Mackine above · deſcribed, by Help of a Screw 


at N, join the curve Tube N 05 from Which 


the Water thro a ſmall. Hole ſpours up verti- 


cally; by turning the Tube a little, which is 
eaſily done by Reafon of the Screw at N, the 
Direction of the ſpouting Water will be inclin 
and it will aſcend higher. But by this er 
tion the Beauty of a Jet is deſtroy d. 
As to the third Cauſe of the 8 tis 
do be obſerved, that there is a greater Friction, 
in Proportion in ſmall Holes, than in great ones; 
the Celerity being inereaſed, the Friction allo 


360 is thereby increaſed ; and therefore the Holes art 


to be increaſed” according to the Heights f the Jponrin 
Vater. 
The Ends of the Pipes from. which the Ware 


ſpouts, have commonly the Figure of a ttuncz 


' ted Cone, as is repreſented at P, (Plate XXIV. 
Ex. 3.) in which End the Water ſufters a great 
deal of Friction, and is moved irregularly, and 


ſpouts up with that Irregularity. This may be 


361 amended by covering the End of the Tube with a flat, 


Jmooth and poliſh d Plate, fix d to is, which has a Halt 
in it; for thea che Water * * axd . 
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it riſes ich a Motion inritely Halen i N 5 
jelly rranſpatens.” : aan, | | 


2 223 þ £ af þ F 4% 3f 0 10 E | 


Experiment 2. Plate Xxxrv. Ex. 3. Tale the 
Tube above-mentioned P, as alſo the Cylinder 
Q, ſhut up at one end with a bored Plate; let 
thoſe be ſcrew'd on, one after another, to the End 
O of the Tube N O (Hg. 1.) the Water re- 
maining at the ſame Heizhe in the Veſſel A B, 


let it ſpout from the Tube P, and the Cylinder | 


Q and the Experiments will ful * eee what 
we have ſaid. 


The Pipes, which bring the IP ater foo a E. er- 363 


voir, muſt be very wide, in Proportion to the TJpout 
Hole, that the * ater may move eee in thele | 
Pipes, and have no ſenſible Friction. 

For the ſame Reaſon' be Heer, ach,, or c rat. 
ſage, of the Cortes Raw be very large 


Bre Aline 3 Plate XXIV. Fig. 10 To the 
Veſſel A B, at the ſame Height as the Tube F, 
fix the Cock H; the Pipe of the Cock muſt be 
ſhut up in the ſame manner as the Tube F, and 
bord with à Hole of the ſame ſize; the Water 
way of this Cock is a Quarter of an Inch. The 


363 


Water which goes thro' this Cock is brought | 


thro* a narrower” Space than that Which moves 
thro? the Tube F; therefore this laſt is more 
tranſparent, and ſpouts to a greater Diſtance. 


The Refiftance of the Air has a ſenfible Effet upon 364 


the Motion of Liquid:; (for it ſelt may be reckon 
— Liquids, as wil be {aid in the Secohd 


Part; 
been ſaid of the Aſcent of any Body in a Liquid; 


and in ſmall Heights, the DefeFts of the Heights from | 


the Heights in Vacuo are in the Ratio of the 


Squares of thoſe Heights ; that is, abſtra&- * 253 : 


ng from the other * of Retardation, = 
2 are 


therefore we may here apply what has 


— 


* : - 
2 — — —— —— — — - — N a - 
2% —— k ð «é ðͤ w ——ů— —-„—' "a ü —— öA“!J— ——¾ — 
5 - _ r _ - - 
(0 . - = - =_ = = 3 - = n — 3 


180 Mathematical Elements Bock 11. 
are in the Ratio of the Square of the Height of the up 
Liquid above the Hole. my this - 29: few ha 
there is alſo another, not to be over- look d, which T. 
is the Action of the Air againſt the ſpouting Li- th! 
quid. It encloſes the whole Column of the H. 
ſpouting Liquid, and reſiſts that Part of irs Mo- N u 
tion, whereby it ſpreads it ſelf ſidewiſe, as it le 
A becomes wider, and there is requir'd a greater MW me 
1 Force of the Liquid that comes after, than if this 
Reſiſtance was taken away; therefore the Air te 
fiſts by its lateral Preflure. The Reſiſtance from 


the Stroke of the Liquid againſt the Air increaſe ] 
with the impingent Surface, that is, if the Cele ¶ ob{ 
rities remain the ſame, inereaſes with the Hole; He 
in which Ratio, alſo, the Quantity of the Matter Nuit, 
moved, increaſes, and upon this Aecount tis no {WLiq 


matter of what Bigneſs the Hole is. 
The lateral Preſſure follows the Proportion « 
the Surface of the Column; the Matter mov'd var. 
Vhich, (the Celerity being the ſame) is in the ſame ¶ in g 
* 62Ratio as the Quantity of Motion, follows the ſnd 1 
Proportion of the whole Column, that is, of the s di 
Square of its Surface ; and therefore if the Hok 
be increas'd, the Quantity of Motion increaks 
faſter than the Cauſe retarding ir ;, and for that 
3865 Reaſon in the greateſt Heights of ſpouting Liquids 
that the lateral Preſſure (which exerts à greater v 
Action when it acts the longer) may be th 
better overcome, greater Holes are requir' d; which it 
we have alſo ſhew d before to be requir'd in the ill b 
* 260 ſame Caſe from another Cauſe: where, as wel 
àãs here, we ſuppos'd the greater Holes only ne- 
ceſſary for the greateſt Heights, tho“ rhe De 
monſtrations prove that theſe Holes, which ate an 
very neceſſary in the greateſt Heights, are in ge- : 
neral to be preferred to others. eentie 
SGreat Holes alſo hinder the Motion; forfÞ* fir 
then there is agreater Surtace which is preſs ere v. 
22 | ©} 51) 


> 


and the Motion of the Liquid ſpouting vertically, 
is diſturbed ; the greater the Hole is, the greater 
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upon by the higheſt Part of the Liquid, which 
has loſt all its Motion, and -hangs on a longer 
Time before it runs off down the Sides. From 


theſe two contrary Effects joined together, in all 36 


Heights there is a certain Meaſure of the Hole, thro* 
which the Liquid will riſe to the greateſt Height poſſible. 
Yer one cannot give Rules to determine the Dia- 
meter of the Hole, becauſe the Bigneſs of the 
Pipes of Conduct, and their Inflections require it 
different, ſo that there may be a Variation to 
lufnit ,. e 


In reſpect to the greateſt Heights, tis to bez 67 


obſerved, that the Bigneſs of the Hole, and alſo the 
Height to which the Liquid can aſcend, have their Li- 
nits, Which they cannot exceed: Not only the 
Liquid which is directly againſt the Hole runs 
out, but, that there may be a conſtant Supply, 
the neighbouring Liquid continually comes to- 
wards the Hole with an oblique Motion, and 
in going out it ſpouts with a compound Motion, 


is the Diſturbance ariſing from that Cauſe, and 
n ſpouting Waters the Holes ſhould never exceed 
an Inch and a Quarter« When the Celerity of 
he Liquid is too great, it ſtrikes againſt the 
ur with ſo much Force, that it is diſperſed into 
Drops; in which caſe, by diminiſhing the Cele-- 
ty, the Height to which the Liquor ſpouts 
ll be increaſed, and there is a Height which is 
he greateſt to which a Liquor can aſcend, which 
eight in ſpouting Waterſcarce exceeds roo Feet. 
many Cauſes nor ſo much as thoſe that ſpout verti- 
ly. The Second Cauſe of Retardation above- 
tentioned,* has no Place here, and the Effect of * 358 
© firſt is leſs. As for the reſt, one may apply 
ere what has been ſaid of Solids obliquely pro-: 
„„ IG 


Liquids which ſpout obliquely, are not retarded from 393 
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36 jected in "Chap." XXIV. Book I. from Numb! 112. 
E quite to the End of the Chapter. And a Liquid 
may be confidered* as an inmimertble Quantity of So. 
- lid, following one another, aud running the _ 
Way, In the Motion of the Liquid, the Way g 
thro may be perceived by our Senſes; . what 
has been ſaid of Solids obliquely projected, may 
be reduced to Experiments by the help of Li- 
vids; for doing which we muſt make uſe of 
Niehler, becauſe of the great Specifick Gra- 
/ vity of this Liquid in reſpe& of others: But 
1 theſe Experiments are to be made = a particular | 
Machine > meg as follows. 


30 Plate XXIII. E Eg. 1 * The Wooden Trough | 
A, B, C, D, E, P, H, is four Foot and an half | 
broad, eight or ten Inches'long, and fix or ſeven 
Inches high; the Bottom is made of a Board WW 

i 
| 


eee in half an Inch, to contain the Met- 
e 

n the end H, of the Side E, F, H. yon . 
2 An H I fix. Inches wide, and two Foot 
high, which has in it a Slit o r. By this means 
you may fix to any Height upon the Board the 
Wooden Parallelopiped 5 which has a Screw 
fixed i in its hinder Part. 

The ſecond Figure repreſents. this Parallel 
pips at S8: there is faſtened to it a Cylindric 
Veſſel of Box Wood, which has a Groove round 

t to receive two Braſs Plates, one of which may 

be ſeen at F e; their Ends are joined together 
by the Screw G, ſo as to make the Box Veſ- 
ſel immoveable, till it is looſned by unſerewing 
25 which will allow it to move about its Axis. 

In the Bottom of this Veſſel there is a cylin- 
die Cavity ab, a Quarter of an Inch Diameter: 
this communicates with alike Cavity b c, which 


| terminates inthe middle of che greater Canide a, 
„ „% ð & +2+ * 70 wW Ole 
2 | : CE n 


whoſe Diameter is above half an Inch, that it 
may receive the truncated Cone of Box H, which 
is joined to the Cylinder I Leg. 3. 

The truncated Cone H exactly fills the Cavi- 
ty c d, and is held faſt in it by help of the Screw 
R, that goes thro the Braſs Plate QO, but ſo 
that this truncated Cone may turn upon its 


5 Net ee AD i | | Ce” . | 

In this Cone, as well as in the Cylinder I L., 
there is a Cavity h̊ i l, of the ſame Diameter as 
the Cavity be, and anſwering to it. This C- 
linder I L has a Glaſs Tube N cemented to it. 
The Tube is a Foot and a half long, one end 
of which is ſeen at N M (Hg. 5.) which is ce- 
mented alſo to the Box Cylinder L I, which is 
hollowed at Ii h, with a round Hole in the Form 
of a Gnomon, or Carpenter's Square ; at hc the 


Cavity is greater, to teceive the truncated Cone 


C D, that exactly fills it, and is moveable about 
its Axis by the help of the Handle EA. 
The Cavity 5 i anſwers to the Cavity d e, 
which communicates wich /g; this Part of the 
Box has driven upon it an Iron Ferril BQ in 
which is drilled a very ſmall Hole g, which when 
the Parts of the Machine are joined together, 
OO with the Cavity of the Bax P 
Fig 80)" 5- of te | Et Daw 
To prevent the Tube from breaking the Ends 
L. L. of the Box Cylinders (Hg. 3. and 5) together 
with the Tube, are joined cloſe to a ſtreight and 
ſtiff piece of Wood m x (Fg. i.) whole lower End 
m has an Iron hare rs 5 it 9 may 15 ſeen 
in g. 6.) whoſe end LP is bent in the Figure 
of 2 double Gnomon; when the End L. (Fg. 5.) 
of the Bax Cylindeꝝ is applied to the End ot the 
Piece M N TI of Fig. 3. it fits to I of Fig. 6. and 
the Screw Q applied to. o, preſſes the Cylinder 
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B D of Fig. 5. and joins it firmly to the Cylin- 
All the Parts of the Machine may be ſeen 

joined together at Fg. 1. Quickſilver being pour- 

ed into the Veſſel p. ſpouts out of the Hole g, 

Fig. 5 When the Mercury is at the ſame Height 

in the Box, and you don't vary the Inclination 

of the Piece n n, the Mercury ſpouts with the 
ſame Celerity in any Direction; but the Inelina- 
tion of the Direction may be varied by moving 
the Handle ea(E A, in Fig. 5.) the Angle that 
the Direction in which the Mercury goes out of 
the Hole makes with the Horizon, may be meaſu- 
red by help of the Quadrant q, along which the 
Index /h is moveable, which by its Weight is al- 

| ways kept in a vertical Poſition. This Quadrant 
may be ſeen in Fig. 7. with its Index F H. It has 

2 Rings behind, to receive the Handle E A, Fig. 5. 

When this Handle is vertical, the Index hangs a- 

gainſt the 45th Degree, and the Direction of the 

Motion of the Mercury which ſpouts out then, 

makes a half right Angle with the Horizon. 
In Fig. 1. the Jets of Mercury in their ſeveral 

Directions are repreſented: They become the 

more viſible by help of a Wooden Plane G paint- 

ed black, along which the Mercury in its Mo- 
tion does almoſt ſlide: Upon this Plane muſt be 
drawn the Ways which a Body (according to 


What is ſaid in Numb. 212) runs thro', when it 


moves with the ſame Celerity according to Di- 
rections which make different Angles with the 
Horizon. Alſo the Semicircle A L of Plate XV. 
Fig. 5. muſt be drawn upon this Plane, tho it 
could not be repreſented in this Figure. 
There are ſeveral other ſuch Planes, in which 
the ſame Things are drawn, but ſo as to repte- 
ſent the Ways of Projectiles, Cc. according to 
. 88 
. 9 3 ; This 
5 . 5 1 


\ 


l. Book II. of Natwral\Philoſophy. x85 
n- This Plane ſtands upright near the middle of 
= the Trough, and bears againſt the Side EF H, 
en bo as to move backwards and forwards accord- 
ing to the Length of the Trough. 7 

8 The Celerity of the ſpouting Mercury is varied 

ht as you change the Inelination of the Piece u m ; 

on and by lowering the Veſſel p, the Hole thro” 

he wich the Mercury ſpouts, is ſer to the Directi- 

la: MW on of the Lines drawn on the Plane. 

bg The Mercury will ſtop its ſpouting, when the 

at Cavity a 6 (Fig. 2.) isſoppd with the Pin D E 


of of Fig. 4. 


» 


he Wl Experiment 4. Plate XXIII. Fig. 1.] The Parts 371 
al- of this Machine being join'd and fix d together, 
int as in the manner above deſcrib'd, incline the Piece 
as um, till the Height to which the Mercury is to 
+5. ſpout, when it aſcends to a Direction almoſt ver- 

| tical, is nearly equal to the Diametey of the Se- 
micircle deſcrib'd on the Plane G. Let the Veſ- 
ſel P be fix'd at ſuch a Heighr, and the Plane G 
be ſo plac'd, that the Axis of the Circumvolution 
of the Cylinder B D (Fig. 5.) ſhall anſwer to the 
loweſt Point of the Semicircle abovemention'd. 
Which way ſoever the Inclination of the Dire- 
ction of the Jet (that is of the Projection) be, 
its Amplitude will always be the Quadruple of 
the Line BM in the Semicircle ABL (Plate XV. 
Fg. 5.) There is indeed a ſmall Difference, which 
chiefly ariſes from the Reſiſtance of the Air, and 
muſt be obſerved in the following Experiments. 


Experiment 5,) The Machine being diſpos'd as in 372. 
the foregoing Experiment, if the Mercury ſpouts 

in two Directions, and the Inclination of one 

of them excecds a half Right-Angle, as much as 

the other is under it, the Mercury will cut-the 
Horizontal Line which is drawn from the lower 


' 386 Mathematical Element. ock l 
Point of the Semicircle on the Plane G, juſt in 
the ſame Place in both Caſes. 


z Experiment 6. Eder thing bake dipord as 
before, if the Way for any Direction of Motion 
be drawn on the Plane, and the Index fb, agrees 
with that Diviſion of the Quadrant which de- 
notes that Inclination, the Mercury in its Mo- 
tion wilt follow the Line drawn to repreſent 
its Way. If you draw the Ways for ſeveral An. 
gles, by the Motion of the Handle & e, you will 
| bring the Mercury ro ſpout in Jets that go along 
theſe very Lines. 


274 Experiment 7 the there "TY 3 plane as 

S, in which all the Lines above-mentioned are 
5 drawn for another Celerity of the Mercurial Jet, 
= . and. che Experiments will ſueceed in the ſame 

manner. 

By the ſame Method, as we do by a Semicir- 

cle determine the Diſtance to which Bod ies ob- 

liquely projected will fall, one may find the Di- 

ſtance to which the Liquor coming out of the 

Side of a Veſſel ſpouts, when the Veſſel is ſet 

upon a Horizontal Plane; which Diſtance is dif- 

ferent according to the different Height of the 

Hole, the upper Surface of the Liquig remai- 


ning che ſame. 


375 Plate XXIV. Fig. 4.] Let 4 B be the Height of 
a Veſſel fill d e ſuppoſe this Height | 
cut into two equal Parts at C, with the Center 
C and Diſtance E A deſcribe a Semicircle ; /: 
there be a Hole at E; laſtly, draw E D perpendi- 
cular to AB, and terminated in the . rcumfe- 
rence of the Semicirele at D. Let the Liquid ſpout 
from E to F in the Horizontal Plane, and the Di- 
| a BF will. be double the Perpendicular E D. 0 
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Which will be demonſtrated, if we conſider, 


that the Liquid, with an equable Motion with 


the Celerity that it has coming out of the Hole, 
wou'd. ( in the time that a Body can fall from E. 
to B) run thro! the Space BF. *« 
In all Motion, the Time remaining the ſame, 
the Space gone thro? is as the Celerity ; the 753 
Celerity remaining the ſame, it is as the Time; 
Therefore if you change the Time. and the Ce- 
erity, the Space gone thro' will be in a Ratio 
compounded of the Celerity and the Time ; and 
multiplying the Time by it, you will have the 
Space gone thro? ; that is, it you apply this O- 
peration to different Motions, you will have ſuch _ 
Quantities as will expreſs the Proportion of the 
Spaces gotie-thro', If you compute the Squares 
of the Celerities and the Time, you will have 
the Proportion of the Squares of the Spaces gone 
thro', AE here expreſſes the Square of the Ce- 
lerity ; E B the *. are of the Time; there - 435, 
fore the Product of thoſe Lines expreſſes the 131 
Square of tlie Space gone thro EF. Bur that 
Product is the Square of the Line E D, which 
therefore, changing the Hole, increaſes and di- 
miniſhes in the ſame Ratio as the Diſtance RF. 
5 the Hole in the Center C; B G, the 
ſtance to which the Liquor ſpouts, is equal to 


BA,* and it is double the Perpendicular, which * 357 
from C may be drawn to A Bin the Semicircle; 134 


which therefore obtains in all Holes, and ED 
will be the half of B F. | 


Hence it follows, that a Liquid ſpouting from 376 = 


a Hole in the Center C, will go to the greateſt Di- 
Experiment 8. Plate XXIV. Rg. x.) Here we 
muſt make uſe of the Machine, deſcribed in the 


y; 


foregoing Chapter*. Let the Water ſpout from“ 35 


\ 25 . the 


L208 


ſ 
| 


/. 
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the Hole F, as in Experiment 2. Chap. VIL let it 
ſpout at the ſame Time from E, and alſo from 
G, where there is a Tube like thoſe which are 

made faſt at F and E; the Hole G is leſs than P, 
but the Hole E is farther diſtant from the Sur. 
face of the Water, the Water comes from nei- 

ther of them to the Diftance to which it comes 

when ſpouting from F. 8 4 


piae XXIV. Fig 2 Tg what has been 
laid, it follows, T eg the Water ſpouts to the ſame 
Diſtance from the Holes E e equally Diſtant from the 
Center C, becauſe in that Caſe the e 
lars E 5 and E 4 are equal. . 


377 let there be drawn a horizontal Line which goes 


through H ; 55 H G and H E are equal, the Wa- 
ter will go om each Hole Gand by to L. 


CHAP. IX. 


Of a Liquid flowing out of Veſſels, and the 
Irregularities in that Motion. 


378 Ta: Quantity of a Liquid, which in a given 
Time flows jrom à given Hole, increaſes in 
Proportion to the Velocity of the Liquid going 
out; this depends upon the Height of the Li- 
quid above the Hole, and tis no Matter to what 
Part the Motion of the Liquid is directed; 
#354 * therefore the Squares of the Quantities flowing out, 
are in the Rao 0 Heights 9 the L0G above tht 
*355 Holes “. 


In the Time in which a Body falling freely 


goes through the Height of the Liquid above 
the Hole, a Column of the Liquid flows out 
*357 equal in Length to twice that Help ht; the 


n Hole 1 it ſelf is the Baſe of the Cotatin,. and is 
| given 


Experinmnt 9. Plate XXIV. Fig. = From F 


given 5 yo the Hees of the W above 


Hole is known, the whole Column is ar wn ; 5 
the Time alſo is eaſily determined. by Expe- 
riments of Pendulums, but having found what 157 
Quantity flows out in à known Time, one 
may know what Quanrity: will flow out in D 
given Time. 1 
Here you amt obſerve, that the Refi dance of | 
the Air and the Friction of the Liquid againſt - 


the Sides of the Hole; hinders the Motion of 
the Liquid, and that the Rule above-mentioned 
does not- exactly obtain, and that there always 


flows out a leſs Quantity than what there is de- 


termined by it. Yet making Experiments with 
Water, it is plain, that the Quantities which 
flow from the fame Hole in equal Times, ſenſi- 
y keep the Proportion of the Squares of the 


Heights of the Water above the Hole, in 


Heights not exceeding fifty Foot. 
In Veſſels which are not ſupplied by the flow- 


ing i in of the Liquid, the Celerity of tne Liquid | 


flowing out is - continually changed, to which 
Regard muſt be had when you compare toge- 
ther the Times in which different Veſſels: Ce 
emptied. © 

Here we conſider cylindric Veſſels; abs what 


is here ſaid, may be applied to any Veſlels that 


are of the ſame Bigneſs from Top to Bottom; 
ve ſuppoſe the Liquid to flow out from 0 
Hole in the Bottom. 


The Times in which Clindric Veſſels of the ſame * 


Diameter and Height are emptied, the Liquid — 4 


2 unequal Holes, are to each other fxrverſaly as tho 


If we ſuppoſe that theſe Veſſels are divided 


into very {mall-equal Parts by Planes parallel to 
their Baſe; and that the Diviſions of each Veſſel 


don't differ from one 2 * we ande 
| the 


PPP * 
- * 7 
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the ſmalleſt Parts, one may conceive that theſWsth 
Celerity is not changed in the Evacuation of one Never. 
Part. The Quantity of a Liquid which flow tion, 
from a Hole, if the Celerity is not changed, inſitic: 
ereaſes with the Hole and with the Time; that 
is, in a Ratio compounded of the Time and ofMboy 
the Hole. The correſpondent Parts in the Vel- 
ſels are empried with equal Celerities, and the 
aforeſaid compounded- Ratio obtains: here: the corre 
ſame: Parts alſo, that is, the Quantities of the not 
Liquid which flow out, are equal; whereforMWvith 
the Difference of the Times is recompenced bis ev. 
the Difference of the Holes: that is, the Times Kati 
are in the ſame, but inverſe Ratio, as the Holes l 
Now as this happens in all the correſpondent 
Parte, it muſt alſo be referred to the Times o Tim 
the whole Evacuations of the Veſſels 
Ihen the Veſſels are cylindric, unequal, and equal. in w. 
ly high, they are emptied thro equal Holes, in Tims 
that are to one another as the Baſes of the Cylinder, be / 
Let the Veſſels again be ſuppoſed to be div: 
ded into very ſmall Parts, and equal in Numbet 
in each Veſſel ; the Liquid of the correſponcenM E- 
Parts flows thro' equal Holes, and with equal] tt 
Celerity: therefore the Quantities that flow out bavir 
are as the Times; and conſequently the corre 
ſpondent Parts themſelves are in that Ratio of Top 
the Times, which are as the Baſes of the Cylin-W* cer 
ders : But the Times of the whole Evacuation the! 
are as the Times in which the correſpondent 
Parts arsetaenst ed re ed? 
381 Laſtly, Ler there be two cylindric Veſſels, whiſ 
Baſes are equal, but their © Heights, for Example, at 
1 to 4, and let them be evacuated thro equal Holes: 
Let theſe alſo be conceived to be divided into 
very ſmall Parts, by Planes parallel to the Bale; 
and let the Number in thoſe Parts be equal in 
each Veſſel; thoſe Parts will be to one another 
; . | 1 | a$ 
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the Veſſels, that is, as 1 to 4. We can conſider 
erery Part as evacuated by an equable Mo- 
tion, becauſe the Parts are very ſmall; the Cele- 
ities in the correſpondent Parts are every where 
15 1 to 2, becauſe the Heights of thoſe Parts 355 
above the Baſes are as the Heights of the Veſ- 

ls, which are as the Squares of thoſe Numbers. 
Whence it follows; that the Times in which 
correſpondent Parts are evacuated, are to one 
mother as 1 to 2; becauſe in twice the Time 
vith a double Celerity, a quadruple Quantity 
is evracuated. But as the Times are in the ſame 
Ratio for each correſpondent Part, the Times in 


mes 

les Mwhich the whole Veſſels are evacuated are alſo 

en zs 1 to 2. If the Veſlels are as 1 to 9, the 

; off Times will be, by a like Demonſtration, as 1 t 
and generally the Times are as the Celerities 
val-Min which correſpondent Parts are evacuated, the 

me Square of whole Celerities are as the Heights of 
ene Veſſels, in which Ratio all ſo are the Squares *355 
ivi- of the Times. 1 e | | 
b Experiment 1. Plate XXIV. Fig. 2.] Let there 
que three thin Cylindric Veſſels ot Metal A, C, B, 


having equal Diameters, and whoſe Heights ate 

a5 1, 3, and 4; let each of them have a Lip in the 
Top to let the Water run out, when it eomes to 
a certain Height, which Lip muſt be-reckoned 

the Top of the Veſſel; in the Bottoms of the 
Veſſels A and B, which are as 1 and 4, let there 

be equal Holes, and let them be filled with Wa- 
ter; let the Holes be open'd in the ſame Mo- 
ment; if the Water running out of B be received 

in the Veſſel C, it will be filled in the ſame time _ 
that A is evacuated. C contains three quarters of 
the Veſſel B; the Quarter which is left will alſo 

be evacuated in the {ame Time as the * 

„ | whic 
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which is evident to Senſe; therefore A is emptied | 

_ twice whilſt B is emptied once. e 
382 The Times in which any e $4 are n 
* 380 cuated, are in a Ratio compounded of the Baſes,* of th 5 


7 anverſe Ratio of the Holes, and of the ſquare Rum 
* 381 of the Heights, * * ' þ ue: 


383 A Cylindrick Veſſel may bo divided, that the pam l 


* intercepted between the Divifions ſhall be empried u F 
equal Times, which will happen ij the Diſtances of tl p 


Divifions from the Baſe be as the Squares of the Nr. 

tural Numbers; for the Times of the Evacuati- fp 

ons of the Veſſels, whoſe Heights are in that 8 

* 351 Proportion, are as the natural Numbers, and the 
Differences ot the Times are equal. 

IT̃ be Time in which a cylindric Veſſel is empti 

ed, is as the Celerity with which the Liquid be 

2381 gins to run out; * therefore the Celerity, while 

355 the Liquid deſcends in the Veſſel, is diminiſhed 

in the ſame Ratio as the Time of the Evacuation 

of the Liquid remaining in the Veſſel, and ti! 

384 Motion of a Liquid running out of a cylindric Viſt, 
is equally retarded in equal Time. 

385 {f thro' equal Holes a Liquid runs out of a Cylindr 

and out of another Lee the ſame Height (audi 

which the Liquid is always ſupplied ſo as to be kept att 

Same height) in the Time in vhichthe linder is emptit 

there runs out twice as much Water from the other Veſt 

as from ibe Cylinder. For, becauſe of the equi 

Height of the Veſſels, the Celerities in the be 

ginning are equal; the Celerity of the Liquid 

which-comes out ot the Veſſel that is always 

kept full, is equable ; the Celetity of the Liqui 

Which runs out of the Cylinder, i: equably retard 

* 384 ed.“ Therefore, whilſt the Cylinder is emptying 

there will low twice as much Water out of this 

Veſſel as out of the Cylinder: For if two Bod: 

are driven with the ſame Celerity, and the fir 
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eli goes with an equable Motion, and the ſecond / 
5 with a Motion —_— retzrded, and they move 
1 till they have loſt all that Motion, the firſt in 
we that Time will run double the Space of the Se- 
dat cond ; * here the Liquor that runs out may be 135 
look'd upon as the Space gone thro, becauſe the 136 
1; Holes are equal. | 7385 Soo "34 
"WM ZBefider the Irregularities from Frifion, and the 386 
fth Refiftance of the Air, there are ſeveral others arifing - 
om the Cobefion of Parts, even in Liquors that are not 
* glutinous. I ſhall here only ſpeak of Water. We 
obſerve in relation to it, that tho it be driven by  _ 
the ſame Force in any Direction, the Height of“ 354 
the Water above the Hole remaining the ſame; 
yet it will deſcend the more ſwiftly in a vertical 
Direction; the Water in falling is continually ac- 
celerated in its Motion, it coheres with the 
following, and accelerates that, and inereaſes 
oo. of the Water flowing out of the 


| Plate XXIV. Fig. 2.] For this Reaſon the M- 387 
| tion out of a Veſſel that has a Tube fi d to its under 
| fide, is alſo accelerated. Let E be ſuch a Veſſel 
equal and ſimilar to the Veſſel A, and which, 
together with the Tube, makes up the Height 
of the Veſſel B; let the Tube have the Holes at 
both Ends, equal to the Holes at the Bottoms of 
the Veſſels A and B, fill the Water in the Veſ- 
ſels A, E, and B. In the beginning of the Mo- 
tion the Water flows from the Veſſels E and B 
with equal Celerity, becauſe the Heights of the = 
Water above the Holes, from which the Water 
goes out, ate equal; but the Celerity in the Ve- 
el E, is immediately diminiſhed, becauſe there 
cannot run à greater Quantity of Water out of 
the Tube than what comes in at the upper Hole 
of the Tube, into _ Hole no more Water 


Cl 


can run in, hw . can ee out at a . 
A. Since the Parts of the Water cohere, the Wa- 
ter which runs out, accelerates that which runs 


into the Tube, and this laſt retards that which 
runs out; and ſo the Quantity of Water which 


in a certain Time runs out of the Veſſel E, is 2 


mean Quantity between the Quantities of Wa 
ter that can run out at the ſame * * the 
Vedſſels A and B. 


Experiment 1 The Veſlels A E PR B being 
made of ſome thin Metal, in the Proportions a- 
bove: mentioned; fill with Water A and E; ha- 
ving open d the Holes at the ſame Inſtant of 
Time, the Water of the Surface at E will de- 
ſcend faſter than that at A: On the contrary, if 
you make uſe of the Veſſels E and B, it will 
deſcend faſter in the laſt than in the firſt. ” 
Let the upper Hole of the Tube, by which it commu: 
nicates with the Veſſel, remain as before ; and the 
lower Hole be open d wider ; ; then a greater Quantity 
Mater will gow out, and the Water which goes 
into the Tube will be more accelerated; this 
Hole may be made ſufficiently wider without al- 
tering the Length of the Tube, inſomuch that a 
greater Quantity of Water ſhall flow out from it 
than from the Veſſel B. In that cafe thro the 
upper Hole of the Tube, at a ſmall Depth be- 
low the Surface of the Water, there lows out 2 
or ater Quantity of Water, than from an equal 
Hole at four times the Depth. The ſame may 
be done by applying a longer. Tubes ds Wi 
4 ng its lower Hole. r N 


Experiment 3. Plate XXIV. Big. 54 Take the 
7 Velſcl F no way different from the Veſſel E, but 
in having the lower Hole of its Tube bigger; 


8 ue allo. the OTE: Veſel B. The 
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- Diameters of the Hole in the bottom of this, 
and of the upper Hole of the Tube which is 
joined to Fate of four Lines (ot f. of an Inch) 
the lower Hole of this Tube is of five Lines. 
Let the Veſſels be fill'd with Water; and let the 
Water begin to run out of both at the ſame Mo- 
ment; the Surface of the Water in F will de- 
ſeend faſter than that in B. The . B is a- 
bout 16 Inches high. ok Pro 2 


f CHAP. x. 5 
of the running wen, ö 


DE FINITION I. 


a Channel open nl as A E, is OE 4 aRi- 
ver, (Plate SEES. Is 


irie 1. 
A River.i is ſaid to remain in the . Stare, 390 
or to be in a permanent State, when it flows _— 
formly Jo as to be always at the ſame 7M int 
Jame Place. 8 os 
'DerinirioN III. 


A Plane which cutting a River is e 1 - 
We a8 quis called, the Section of a 8 
When a River is qetminated by flat Sides pa- 
rallel to each other, and perpendicular to the 
Horizon, and the Bottom alſo is a Plane either 
horizontal or inclined, the Section of the River 
with theſe three Planes m akes Bayh Angles, and 
is a Para'lelogram. | 
In every River that it in a permanent Seate, te 593 
ſame 2 of Water flows in the ſame Time thro 
my 3 Fot — be in * 2 


1 Water that runs by its dum Grd 12280 5 


_— — 
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| nano Ent 


And this 
ever be the Fi 
from We er t 
the Motion enn I 


et ariſe; *as for Examp 
Grote f tf the greater 


| 8 nel. 03 1918 * 
The Irteg Haritle “ tlie otion of; 2 River 


may be infinitely varied dd Rules cannot be 


given to fettle chem: herefore, - Fering aſide 
all Irregularities, "Wwe miſt examine t e Courſe of 
Rivers; for unteſs the Laws of Motion be known 


in that cafe.” we have no certain! Foundation for 


determining any thing. 
Therefore we ſuppoſe the Water to run in 2 
regular Chapnel, without any ſenſible Friction, 
and that the Channel is terminated with Plane 
Sides that ate parallel to one another and verti- 
cal; and alſoſtha the Bottom is a Plane, and 
inclined to the Horizon. hes 
Let AE be the Channel, 110 which the Water 
runs from a greater Receptacle or Head]; and let 
the Water always remain in the ſame Height at 
the Head, fo that theRivermay be in a permanent 
State. The Water deſcends along an inclined 


* 14% Plane, and is accelerated; whereby, becauſe 


the ſame Quantity of Water flows thro' every 


* 352 Section, The Height of the Water, as you it 
393 cede from the Head 1 the River, is continually di- 


miniſhed, and the Surface of the Water will 

acquire the Fi igure 1 
Io determine the Velocit of the Water in 
different Places, let us ſuppoſe the Hollow of 
the Channel A D C B to be ſhut up with a Plane; 
il there be a Hole made in the Plane, the Wa- 
ter will ſpout the faſter thro" the Hole, as the 
ale is more diſtant „ RO MY Var 
ates 
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oy 


Calerity Ke B0 

the Water to the 55 | 
would acquire * 'W Y — Preſſure 1357 
of the ſupsxinęi 505 18 the ſame 


Preſſure, that is 5 thi Kam e moving. 
he Oblace bt A-E enen then 
Particle of Water enters 1 109 e Channel, with 


the Celerity ody would acquire in fallin 
from b e Baſy e ater N Depth of 
that Particle. T is Particle * moved along in 
an inclined Plane in the Channel, with an acce- 
7 in the. ame manner, 
55 ly it 1448 
Depth belo the Surface of the 
Water in * "Head 0 the tiver,“ 
draw the horizontal. PII ES Partiele at r 
will have the lame e Cilerity, as a 0 22158 the 
Length 1 C, And running don n oe 
_—_ which is the. Celer pe Faro: 
ody in falling down 2 x, Three 
rity of a Particle, may be ey very 19s 
drawing from it a Perpendigular.tq rhe {fa 
tal Plane, which is conceived to tin along the 
Surface of the Water in the Head of the Riyer ; 
and the Velocity Which 4; Bo ody acquires in fall- 
ing down that Perpendicular, will be the Cele- 
rity of the Particle ; which is greaters the longer 
the Perpendicular is. From any Point, as r, draw 
7 5 perpendicular to the Bottom of the River, 
which will meaſure the Height or Depth of the 
River. Sinee r s is inclined to the Horizon, if 
from the ſeveral Points of that Line you draw 
Perpendiculars to i t, they will be the ſhorter, 
the more diſtant they are from v, and the ſhort» 
eſt of them all will be;ſ'v : Therefore the Cele - 
rities of the Particles i in the Line r are ſo much 
the *, the carer they are to the Surface of the 
BY, 0 3 | River, 


orcez when 


- 


-< 
5 
* 


| 2 
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394 River, and 1 Hater is ale thas the 


or aer. Cn 

But yet the Celerities 41 heb an 40 the Ring 
2 on, cumi nualij approach nearer and nearer to an 
Equality. For the Squares of thoſe Celerities ate 
a8 11 to ã the. Ditterence, of which Lines, as 
you recede from the Head of the River, is con- 


393 tinually leſſened, becauſe of the Height 7.5, * 


which is alſo. continually diminiſhed as the Lines 
_ themſelves. are lengthened. - Now as this obtains 
in the Squares, it will much more obtain in the 


Celerities themſeves, whole Difference therefore | 


is diminiſhed as they inereaſe. 


396, If the Inclination of the Bottom, be changed a 


the Head of the River, ſo as to become y 2, and 


4 greater Quantity, of, Water. flows. into the Chanel, 


it will le higher every where in the River, but the 
Celerity of the Mater is no where changed. For this 
Celerity does not depend 22 the | Ee of the 
Water in the River, but, as has demonſtra- 
ted, from the Diſtance of the oy ar from 
the hor: zontal Plane of the Surface at the Head 
continued over the ſaid Particle; which Diſtance 
is meaſured by the Perpendicular v t, or sv; but 
theſe Lines ate not changed by the Afflux of War 
ter, provided that the Water mains at the ſame 
Height in the Baſon or Head. 


397 Le the upper 2. of the Channel be "Ropped up h 


au Obſtacle, as. X, which deſcengs , a-liitle way belou 
the Surface of the IWater: ; the whole Water which 
comes cannot run through, therefore it mult riſe 
up: But the Celerity of the Water below this 


* 396 Cataract is not enereaſed: and the Water that 


comes on is continually heaped. up, ſo that at 
laſt it mult riſe ſo. as to to 100 over the Obſtacle 
or the Banks of the River. But the Banks be 
raiſed and the Qbſtacle be continued, the Height of tht 
aw would He: Ae the Line i t; . before 


Sn, oy oc od cn mm > ts www . 5 


that, the Celerity of the Water eanhot be in 
creaſed: In which caſe the Height ef Wl the 
Water in the Head will be inereaſed; for as we 
ſuppoſe the River in à permanent State there 
muſt continuahy Belas gtest Supply of Water 
to the Head as chere runs from it down the 
Channel; but if leſs Water runs down, the 
Height muſt neceſſarily be increaſed in the Head, 

till the Celerity of the Water flow ing under the 
Obſtacle be ſo much inereaſed; that the ſame 
Quantity of Water ſhall run under the Obſtacle 

as uſed to run in tlie open Channel before. 

All theſe Things, as we have already ſaid, if 
we abſtract from all the Irtegularities, are true; 
and the leſs the Irregulaties are, the more will 

the true Motions agree with what we have ſaid: 
concerning which, before we can make any Judg- 
ment, we muſt be able to compare the Veloci- 
ties of Water by Experiments, and ſo determine 
the Velocities themſelves, as to 'khow the Spa- 

ces gone thro in a certain Time 


* . FL 8 
ita 
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Plate XXV. Big. 2.] Let AC B be 2 Qua- 
drant divided into Degrees, with a Thread in 392 
the Center, that has at the other End a Ball P 
hanging, which is heavier than the Water. 
Let the Ball hang within the running Water, 9 
whilſt you hold the Side C A of the Quadrant 
in a vertical Poſition; the Ball by the Motion | 
of the Water will be fo far ſuſtained, that the 
Thread P C will make the Angle PCA, with 
the Side C A, which will ſerve to determine the 
Celerity of the Water running againſt the Bal. 
The Ball being at reſt in the Water, is drawn 
by three Powers; by its Gravity it endeavours to 
deſcend vertically; by the Action of the Liquid 
it is cartied in the Direction of the Motion of 
the Water; and laſtly, it is drawn by the Thread 
Wo 0 4 „„ 


along PO. Draw the Triangle E F G, in which 
E F repreſents the vertical Line; let FG make 
with thar Line the Angle E F G, equal to the 
Angle which the Direction of the Motion of the 
River makes with the vertical Line; laſtly, let the 


' 


A 
rections of the three Powers above-mentioned; 
therefore the Powers are to one another as thoſe 


— 


Gs i 5 g < P * 

ox 1 As 5 1 5 
80 x «+ * 0 
ö . lH II. 


0 to the Angle PCA. The 


plc 
Priangle E F Gare parallel to the Di- 


198 Sides; If therefore E F expreſſes the reſpeRive 


Gravity of the Ball, FG will expreſs the Action of 


the Water on the Ball. If you make ſeveral Expe- 
riments in different Places with the ſame Ball, you 
muſt draw ſuch Triangles, the Side F remaining, 
(which denotes the reſpe&ive Gravity of the 


Ball that never changes) the Sides that are as 


F G will have the ſame Proportion as the Actions 


of the Water on the Ball. But theſe are as the 


Squares of the Velocities of the Waters in the 


2324 Places in which the Experiments are made; for 


there is no difference in reſpect of the Action of 


ved and the Water at reſt, or on the contrary, 


400 


the Water be moved and the Ball at reſt. 
The Action of the Water againſt the Ball may 
be compared with the Weight, for it is to the 

reſpective Gravity of the Ball as F G to E F. 
But this Action is equal to the Reſiſtance 
which a Body ſuffers when it is moved thto 
quieſcent Water with the ſame Celerity with 
which the flowing Water does now ſtrike againſt 
the Body which is at reſt: By knowing the 
know what Space could be run thro' in a gr 
ven Time, with the Celerity with which the 


* 336 Body moves; therefore we ſhall alſo here 


know, what Space the Water can go thro? in 2 
known Time, and ſo likewiſe what Quantity of 


Water 
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Water flows in a given Ti 
in che Section of the Ren e 
Here it is to be obſerved, chat e 
tion of the Velocity of the Water, will not be 
exactly ſettled; if the Experiment be made to- 
wards the Surface of the Water, becauſe there 
the Action of ae Water upon the Globe i is irre- 
gular ? 32 
This Celerit may be determined by immer- 4⁰¹ 
ging in Water a Body which is but a little lighter” 
than Water, and which, ſwimming at the Surface, 
does not float ſo high above it as to be affected by 
the Motion of the Wind; as the ſpeeifick Gravi- 
ties of the Water and the Body ſcarce differ at all, 
and this Body may be looked upon as wholly im- 
merſed, it will move with the ſame Celerity as 
the Water; and you may by help of a Pendulum 
meaſure the Time in which 'a Body runs thro” a 
certain Space that was meaſured before. When 
the Surface of the Water is agitated by the Wind, 
the Experiment will not ſucceed well, beeauſe of 
the Motion of the Waves, which cauſe's au 1 Irre- 
a G 7x: papa of the "Body: 1 


6 i 


OTITIS 1 
of the Motion of the Wares. Tn a 


* E Surface of the ſagnane Water is e _ 
and parallel to the Horizon * ; if it be- 
comes hollow at A (Plate XXV. Eg. 30 upon 
any Account whatever, this Cavity is ſurround- 
ed with the Elevation B B; this raiſed Water 
deſcends by its Gravity, and with the Celerity 
acquired in deſcending,” it forms a new Cavity, 
by which Motions the Water aſcends at theSides 


-— 


af; this Cavir) 
there is a "new Dlevation” towards C; and when 
this laſt is gepteſſed, the Water riſes anew to- 
wards the ſame Part; whence chere ariſes a Mo- 
tion in the Surface of the Water] and a Cavity 
which carries an!! 1 1 1 before it, is mobel 
* = towards C. ms 5 3 


78+ 2 318 a $174 3TH 24.37 
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4 This Caviry i he Brian ner, 15 ; cal 
en ll LW 0 C14; SOM, 278. . 
DET INIT Io II. 1 
r The. Breadrh'of 4 Waye'is the Ip cake 17 
a ue in the Sin fare of the Water and me 


WOO 134 

"The Givi) as A, is encompale'd every way 
| with — Elevation, Ae: the Motion above-men- 

tion'd expands itſelf every 1 50 . the 

| 405 n. oh mou'd deine 1 


Plas x RV Fig: 7 Let 4 B hens Obſtacle, 
| . hieb the Wave, 'whoſe Beginning is at 
C, does run; We muſt examine what Change 
the Wave ſuffers in any Point, as E, when it is 
come to the Ohſtacle in that Point. In all Pla- 
ces thro which the Wave runs, whillt i it goes for- 
ward its Whole Breadth, the Wave i is 7255 0, then 
a Cavity is form'd, Which is again fill d up. 
which change while the Surface of the Watet 
undergoes, 32 — © and come through a 
fmall Space. n of this Motion is 
along CE, ot — — may be repreſented 
by chat Line ; let this Motion be conceiv'd to 
be reſolved into two other Motions along G E 
and D E, whoſe Celerities are reſpectively re- 
elne by choſe Lines. By the — 
Ong 


* 


ang an de — * AA whilſt 


n Divettion of the Wave's * 


SNS 2 


2 
— 


= 
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long DE the Particles do not act agaioſt the Ob- 


in that Direction, with the ſame Celerity; and 
this Motion is here repreſented by EE, ſuppo- 
ſing E F and E D to be equal to one anothet, by 
the Motion along G E the Particles ſtrike direct: 
ly againſt the Obſtacle, and this Motion is de 
ſtroy d; * for tho theſe Partitles are elaſtick, 163 
yet as in the Motion of the Waves they ran 
thro but in a ſmall Space, going backward and 
forward, they are mov'd ſo ſlowly, that the Fi- 
ure of the Particles cannot. be chang'd by the 
low, and ſo they are ſubject to the Laws of 
Bodies perfectly hard. But there is a Reflection 
of. the Particles from. another Cauſe ; the Water 
which cannot go forward beyond the Qbſtacie, 
and is puſh d an by that which follows it, yields 
that way: where there is the leaſt Reſiſtance, that 
is, aſcends; And this Elevation greater than in 
other Places is caus'd by the Mation along G E, 
becauſe tis by that Motion alone that the Parti- 
cles come againſt the Obſtacle. The Water by 
its Deſcent. acquires the ſame Velocity with 
which it was raiſed; and the Particles of Water 
are repelled: from the Obſtacle with the ſame 
Force in the Direction E G, as that with which 
they came againſt the Obſtacle. From this Mo- 
tion and the Motion abovementioned along E F, 
ariſes a Motion along E H, whoſe Celerity is 
expreſſed by the Line E H, which is equal to 
the Line CE; and by the Reflection the Celeri- 
ty of the Waye is not changed, but it returns a- 
long E H in the ſame manner as if taking away 
the Qbſtacle it had moyed along Eb. If from 
the Point C, 015 be drawn perpendicular to the 
Obſtacle, and then produced, ſo that De ſhall 
be equal to C D, the Line H E continued, will 
E 0 


tal ol Element; Book I: 


go through e Es and as this Demonſtration holds 
good in all the Points of the Obſtacle, it follow 

406 that the'refleffed MWuve has the fame. Fig gure on that 
Side of the Obſtacle, as it "would Be had beyond 

| the Line A B, if it had not run againſt. the Obftacl, 

407 / the Obſtacle be inclined to the Horizon, the Water 

riſes and deſeends upon it, and ſuffers a Friaion, 

whereby the Reftection of the Wave i # difturbed, and 
often "wholly deſtroyed. ' This is the "I why 
very often the Banks of Rivers do not reflect the 

Waves. 

When there is a Hole as I, in an Olftac: as 'B L, 
the Part of the Waye which goes through the 
Hole, continues it Motion directly, and expands 
it ſelf towards QQ, and there is a new Wav 

orm'd, which moves in a S emicircle, hoſe Center i 
the Hole. For the raiſed Part of the Wave, which 
firſt goes through the Hole, immediately flows 
down a little 9 the Sides, and then by deſcend 
ing, makes 2 Cavity, Which is ſurrounded with 
an Elevation on every Part beyond the Hole, 
which moves every Way in the ſame Manner, a 
was ſaĩd concerning the Getieratioh of the firſt 

*402 Wave. * 

409 In the ſame Manner a Ware,” to Which an Ob- 
ſtacle, as A O, is oppoſed, continues to more 
between O N; but expands it ſelf towards R in 

a Part of a Cirele, whoſe Center i is not very far 

from O . 

41Þ-4 Hence we may eaſily deduce what muſt be the 
Motion of a Wave behind an Obſtacle, as MN. 

411 Waves are often produced by the Motion of a tre 

| Mir fog Body, which fra e themſel bes 45 

though the Body goes and comes in a Right I. 
for the Water, 'which;is raiſed by the Agitation 


408 
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os : 
they move Accor | 
4 5 wx. of AE 2 5 18, 5 whatever Figure 
| tne E 


| the W .acquired hy the 
Motion of the V | Water 0 bens E- 


levation and a Depreſb 2 
as is required in fo 


Whoever. has, attentiy 
on of the Waves, w 
agree with arc, ill God | 3 
To determine the e 3 Wars, a- 413 
nother Motion Ana g f 
to be examined. Le! the E 
recurve Cylindric 7 Tile Ef 23 Wie 
and let the Liquid in che Leg E F be highs 
than in the other Leg b e 8 if ; which 
Difference is to be divi ed into tuo equal Parts at 
i, The Liquid by its Gravi Jeſerngs in the Lee - 
E F, whilſt it eas equa Tn the Leg E H; 
and lo wheti the Fra 125 iquid is come: to 


ij ĩt is at [oh ſame H eee | 
is the only Pofiti f in iquid can be at 
reſt: But by che elerity 225 alten by deſcending, 


Ob- It continues its Motion, and e higher in 
lep reſſed quite 


che Tube GH, and in E F 1 

Nin to H except fo much as it is. hindered by the Fri- 
b dion againſt the Seek of the ube. The. Li- 

dar quid in the Tube G H, which is higher, alſo de- 
tue eends by its Gravity ; and ſo. the. Liquid in the 


r. J Tube riſes and falls till it has Jolla its Motion 


1 by the Friction. n r 

* The N of che Matter rok be moved. i is. 

1 hy the whole Liquid in the Tube; ing Force 
ss the Weight of the Pillar I E,w e Height is al- 


ation ways double the Diſtance E i; kick Diſtance 
V therefore encreaſes and diminiſhes in the ſame 
Ratio with the moving Force. But the Diſtance 


Ei is the * to be — by the 


that from the Poſition E H it may come to the 
Poſition of Reſt; which Space therefore is a 
ways as the Force which continually acts upon 
the Liquid: but we have demonſtrated that it is 
upon this Account that all the Vibtations of i 
Pendulum, oſcillating into a Cycloid, are pet. 
* 156 formed in the ſame time; and therefore here al. 
ſo whatever be the Inequality of the Agitations, tf 
Liquid always goes or comes in the ſame time. 
414 The Time in which - e. thus agitated aſcend; 
or deſcends, is the Time in which a Pendulum wibrate, 
whoſe Length, that is, the Diſtanee between the 
Center of Oſcillation and Suſpenſion, is equal u 
half the Length of the Liquid in the Tube, or to half 
the Sum of the Lines E F, F G, G H. This 
Length is to be meaſured in the Axis of the 
Tube. 7 | . ; | . | | 


Plate XXV. Fig. 6.] Let ſuch a Pendulun WW © 
- vibrate in a Cycloid, in the manner explain 
ed above (Page 62 and 63.) Let the Pendulun 
B C, and the Arc A D be of the ſame Length; : 
for the Arc C A is equal to the Arc AD, L 
and the Thread by which the Pendulum © if 
ſuſpended, applies ro it when the Body ſuſpend F 
ed is at A, in that Point the Direction of the Wl © 
Curve is perpendicular to the Horizon, and tix 
Body endeavours to deſcend with all its Weight 
along the Curve: But this Weight is to the Fore 2 


e Wa. as ow ͤ ᷑“ 5) ð ⸗ ꝗ . èͤ . 5 


acting upon the Body, when it is at P, as AD, * 

* 1560r PC to P D. * Now let the Liquid be it 5 
ſuch a Poſition, that i E (Rg. 5.) be equal to bre 
P, D; the Weight of the whole Matter w. 5 


be moved, chat is of the whole Liquid, ö 
to the Weight / E (which is the Force aftig He, 
* "WP 0 2 4 WL, - 3 aß, el 
upon the Liquid in that Poſition) as the / 
Length of the Liquid in the Tube to the Line Wl, * 
- TE, ia which Ratio alſo the Halves of tho 
TO 2 >=, a_ 


; antities are, that is, P C to PD (Fig. 6.) 
by | Therefore in the Pendulum the Wente e | 
por} Matter to be moved is to the Force acting upon 
* Wl itat P; as in the Tube, the Weight of the Mat- 
oer to be moved, is to the Force acting upon it 
per in che Poſition EH. a Thenriony the pendulous 
. Body and the Liquid in this Caſe, are aged up- 
„th on by equal Forces, and this always obtains 


where the Spaces to be run through by the Li- 
quid in Agitation, and by a Body in Vibration, 
are equal; therefore in this Caſe the Agitation 


ates, DD ITS | 

the and the Vibration, are perform d in the ſame 
un Time, and not only in this Caſe, but always. 413 
bal Bur as the ſmall Vibrations in a Circle do not 

This differ from the Vibrations in a Cycloid,. the De- 

* the ff monſtration will agree with them. 


lon 2s EFGH ; let the Length of the Legs be one 
lain WY Foot, and the Bore of the Cylinder half an Inch; 
ſulun pour Mercury into this Tube, and having made 
gh; a Pendulum, whoſe Length is equal to half the 
ADLength of the Cylinder of Mercury in the Tube; 
m öl if the Mercury be agitated in the Tube, it will 
perl aſcend and deſcend in the ſame time as the Pen- 
' che dulum will go and come. VV 

d the 


Plate XXV. Eg. 7.] To determine the Celeri- 
For t) of the Waves from what has been ſaid, we 
Ab, nuſt conſider ſeveral equal Waves that follow one 
be it anot her immediately , as A, B, C, D, . F, | which | 
wal to move from A towards F, the Wave A runs its 
"er u breadth when the Cavity A is come to C; which 
id, üb annot be, unleſs the Water at C aſcends to the 
Height of the Top of the Waves, and again de- 
© oe ſcends to the Depth C; in which Motion the 
Lite Water is not agitated ſenſibly below the Line 
tho ““; cherefore this Motion agrees with the Mo- 
nei ol S 5 tion 


Experiment] Take a Cylindric recurve „ 


* 
2% : : 
- 
L 08 
* 2 4 


tion in the Tube above-mentioned, and the Wa- 


ter aſcends and deſcends; that is, the Wave 


414 


158 


415 


goes through its Breadth, whilſt a Pendulum of 
the Length of half B C performs two Oſcillations, 
* or whilſt a Pendulum of the Length BCD, that 
is four Times as long as the firſt, performs one 
Vibration e 5 


- 


+ 


Therefore the Celerity of a Wave depends up- 
on the Length of a Line B, C, D, which is great- 
er, according as the Breadth of the Waves is 
greater, and as the Water deſcends deeper in the 
Motion of the Waves. Ea Te NS 
In the broadeſt Waves, which do not riſe high, 
ſuch a Line as BCD does not much differ fron 
the Breadth of the Wave, and in that Caſe a Wat 
runs through its Breadth, whilſt a Pendulum equal 
to that Breadth oſcillates once, In every equabl: 
Motion the Space gone through, increaſes with 
the Time and the Celerity; wherefore multi- 
plying the Time by the Celerity, you have the 
Space gone through: whence it follows, that the 


416 Celerity of the Waves are as the Square Roots of ther 


Breadths : For as the Times in which they go 


- *x58through their Breadths are in that Ratio, the 
4}5ſame Ratio is required in their Celerities, that 
the Products of the Times by their Celeritics 

may be as the Breadth of the Waves, which ate 


the Spaces gone through. | 
All theſe things muſt be only looked upon 26 
nearly true, becauſe the Motion of the Waves 
differ ſomething from the Motion in the Tube; 
which Error is in part taken off, becauſe the 
Length of the Pendulum is meaſured along the 
inclined Lines BC and CD, | 
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7s 1 A p. XII. 
That Air bas the Properties of Hl wide... 


W= have o Ga ſpoken of the Air; a as. 
we live in, are always: encom paſs'd | 
by it, we muſt have regard to its Effect in ſe- 
reral Experiments, as we have ſaid in other Parts 
of this Treatiſe : but now we ſhall conſider its | 
Properties ingly. | | 
The Air is corporeal, heavy, its Parts yield 477 
to any For a impreſs d, and are very eaſily mov f 

one amongſt another; it preſſes in Proportion to 
its Height, and the Preſſure every way is N 
it is 1 therefore, chat! it . to he reckon 

mongſ Fluids, _ ; 


Dz+ixiriON 1. 1585 
All the Air which the Earth is ——— with g 
confider'd together, is call d the Atmoſphere a the 
Earth, or Hab, the Atmoſphere. 


Der 11. 1 2 
The Height of the Air above the . of the4t9 
Earth is cal/d the Height of the Atmoſ ſphere. 


That the Air is a Body appears from its exclu-420 | 
25 al * . rom: _ rags where it 


"> g a Lt 92x 
* 5 2 


* 14 
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That it Yields to any Impreſſion, and * it? Parts 


| 3 mov d, is not doubted by any one. 


"That it is heavy is prov'd by its preſſing ups 


the Surfaces of other F mY and TIER 


_ Glals 1 ube A B, about three Foot long, of a- 


Preſſure of the Air on the Surface of the Mer- 
every part of it, auleſa 1 in the Tube where no Air 


ok 274 ſes equally with outward Air.“ 


is inclin'd, it is requir'd that the Mercury ſhould 
* 277 keep the ſame perpendicular Height“: If there 
fore there be two Veſſels containing Mercury, in 
which Tubes in the manner above-mention'd are 
immerſed, of which E D is enclin'd to the Ho- 


Lines; ſuppoſing the Surfaces of the Meteup 


which is immerg d in Water and fill! d with it, 


| 1 remains immers'd. 


in Tubes. = 


I: I, Plate XXVI. Fig. 3 Take a 


bout 4 Inch Bore ; if you ſtop up the end A, and 
let the Tube be filld with Mercury, and let the 


other end be immers'd in a Veſlel full of Mer- 
cury,the Mercury will be ſuſtain'd at the Height 
of about 29 Inches. This is occafion'd by the 


cury in the Veſſel, which cannot preſs equally in 
is, there be a Column of Mercury, which preF 


Experiqnune 2. Plate XXVII. Fig: 6 NO That 
this Preſſure may not be chang'd Mike the Tube 


rizon, the Mercury is ſuſtain'd at the Heights Y 
and i g, ſo that f and g are in the ſame Horizontal 


in the Veſſels to lie i in the ſame Fine 


eee 3. Plate XXVI. ů 72 2. J The ſame 
Preſſure of Air ſuſtains the Water in the Glaſs U, 


and-then is pull d our all bur the Oritice,” Which 
Water would be ſuſtain'd:i in 45 Fo Manner, 


"rho the Height ſhould be 2 Foot ; * Quick 
ſilyer 


* 
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ſilver is 14 times heavier than Water, and a Pil - 

lar of Water a little more than 32 Foot higlt 
preſſes; equally with a Column of Mercury 9 
Inches high, which Preſſute is equal to the Pref | 


ſure of the Atmoſphere. . 
That the Preſſure of the - Air depends upon - its 424 

Height, may be eaſily deduc'd from what has been 
ſaid ; but it is immediately prov'd by garrying 
the Tube with the Mercury above-mention'd to 
a higher Place; for when you carry this Machine 
up a Hill, for 100 Foot that you riſe perpendi- 
aun the Mercury deſcends a: Quarter of an 
That Air preſſes equally every way, appears from 425 
this, that this Preſſure is ſuſtain'd by ſoft Bodies 
without any Change of Figure, and by brittle 
Bodies without their breaking, tho' this Preſſure 
be equal to the Preſſure of a Pillar of Mercury 
29 Inches high, or a Height of Water of 32 5 
Foot * ; any Body may ſee that nothing can pre- * 423 
ſerve theſe Bodies unchang'd, but the equal Preſ- 
ſure on all Parts; but it is plain that the Air 
does preſs in that manner If you take away 291 
the Air on one Side, the Preſſure is ſenſihle on 


the oppoſite Side. 


Exper. 4. Plate X XVI. Fig. 3.] Hang a Glaſs 
Tube to one of the Scales of a Balance A B, 
which is ſhut at D, and 3 Foot long; fill this 
Tube with Mercury, and let the End E be im- 
mers'd in the Mercury that is contain d in the 
Veſſel U. The Mercury by the Air's Preſſure 
is ſuſtain'd at the Height in the Tube, and the 
upper Part of the Tube 7 is left void of Air; 
to make an Equilibrium, you muſt put into thje 
oppoſite Scale a Weight equal to the Weighr of 
the Tube and the Mercury contain'd in it The 
Mercury in the 3 preſs the _— 3 
1 1 2 5 or 


447. * Thar the Air may be compreſea, 
| 1 


213 


for its Action . the Sides of ths: Tube is 
Horizontal; but the Air acts upon the upper 
Part of the Tube, and the Column that is ſu- 
ſtain d by the T ube i is æquiponderate with the 
Column of Mercury that is contain'd in the 
Tube: If letting the Mercury run, out you ſuf- 
fer the Air to come in, then nothing but the 
Tube weighs down the Scale; which proves 
that the Action againſt the inferiour Surface of 
the upper Part of the Tube deſtroys the Action 
on the exteriour Surface, and that the Air preſ- 
ſes upwards and downwards with the lame 
Force. 
By this Experiment alſo is confirm'd what ha 
Oo laid of on Air 5 e „ 


CHAP. XIII. 


0 the Air' s Elaſticiy, or . ö 


E ns che wn the Air has the Proper 
VV ties ef other Liquidsz but beſides it 
has another Property, which is, that it can tale 
up a greater or leſſer Space, according as it it 
compreſſed with a different Force; and as ſao 
| as that Force is diminiſh'd, it expands it {elf 
4 By reaſon of the Analogy of this Effect witli the 
Elaſticity of Bodies, this ee 8 the Air i 
call'd its Elaſticity. 


l ee from 


Experiment alrcady mention 4. * 


280 Thar. ie: E be dilated, , may appear, from ch 


1 1. Plate XXVL Fig 7 "4, 4 Tale the 
Tube A B cloſe at the End A, and pour Mer 
. Eury into it, ſo that there may be ſome. Air 2 

in n che T ube, which when! in the State of t 


- 2 


"cru 


per- 
S il 
take 
it 18 
{aon 
fell. 
z the 


Vir 1s 
from 
5 the 
de the 

Mer 


car let 
he ex. 


tern 


g, and there remain. The Height f g differs ve- 


ry much from the Height of the Mercury in the 


firſt Experiment of the foregoing Chapter, which 


does not ariſe from the Weight of the Air in the 
Tube; for its Weight is too little to produce 


any ſenſible Difference in the Height of the 
Mercury: The Expanſion of the Air cauſes this 
that the Air dilates it ſelf in ſuch a manner, that the 
Space takeh up by it is always inverſely as the Force 
by which it is compreſs d. ; e 


cury of the Height 5 f, Hg. 1. therefore the com- 
prefling Force may be expreſs d by that * ik 
the Space taken up by the Air in the 


Pillar of Mercury i g, and it reduces the Air in 
the Tube to the Space g A; if the Force, by 
which the Mercury is ſuſtain d at the Height g i, 


be ſubſtracted from the Preſſure of the whole At- 


moſphere, that is, if the Height g i be taken 
from the Height þ f, (Fg. 1.) there remains the 
Force by which the Air is compreſs d in the upper 


Part of the Tube; but this Difference of the 
| Heights of the Mercury Y F and gi is always to 
bj as Al to A , that is, their Forces are in- 


rerſely as the Spaces. 1 
This Rule alſo obtains in ec mpreſs d Al: 


* 


\ 
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ternal Air will take up the Space A 1 ; if the end 
B of the Tube be immers'd into Mercury in a 
Veſſel, the Mercury in the Tube will deſcend to 


From this Experiment we deduce this Rule;429 


The Force, by which the common or externat | 5 
Air is eompreſs d, is the Weight of the whole 
AC which is equal to a Pillar of Mer- 


ube, 
when it is compreſs d with ſuch a Force, i 
A 1 7 Roy OR RI Ee; if I 


But in the laſt Experiment, the Preſſure f the 
Atmoſphere exerts two Effects; it ſuſtains the 
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430 The Elaſticity of the Air 'is as its Denſity ; for 


* 259Air*; therefore as the Force compreſſing the 
429 Air“, which is equal to that by which the Ait 


bh Experiment 2. Plate XX VI. Fig. 5: ] Take a 
D; let the Part B C be filbd with Mercury, ſo 


that the Part C D may contain Air of the ſame 
State or Tenor as the external Air; therefore 


by the Air is C D. Pour Mercury into the Tube 
A B, that it may riſe up to g, the Air will be 


of Mercury of the Height f g, and alſo the Pref: 


Elaſticity. 
the Earth, by the Preſſure of the ſuperincumbent ti 
Air, and that it is more or leſs compreſs d, ac tt 
moſphere; for which reaſon alſo the Air is les 


as being compreſs d by a leſs Weight. 


curve Tube A B CD, open at A, and ſhut at 


" b _— 8 — om 


the compreſſing Force is the Column of Mer- 
cury, whoſe Height is þ f, Fig. 1, and by this 
Height muſt. this Force be expreſs'd, as in the 
foregoing Exper ment; but the Space taken up 


reduc'd to the Space e D: Now the com- 
preſſing Force acts as ſtrongly as a. Column 
ſure of the external Air upon the Surface g of 
the Mercury ; this Force isexpreſs'd by the Sum 
of the Heights fg in this Figure, and h þ in Fg. 1, 
This Sum is always to bf (Hgure 1.) as CD 
to c D; and again the Forces are inverſely as 


the Spaces. 


this laſt is inverſely as the Space taken up by the 


pan} © 


endeavours to expand it ſelf; but this Force is its 

Hence it follows, that the Air in which we 
live is reduc'd to the Denſity which it has neat 
cording to the greater or leſs Weight of the A.: tt 
denſe at the Top of a Mountain than a. Valle), pr 


How far this Property of expanding it ſelf i ne 
extended, we do not certainly know; and it i 


J. 


very probable that it can be determin'd by ro ©2 


Experiments: Nevertheleſs, if you compare the 


the Air compreſs'd in a Pump“, it will \appear 
that the Air may take-up twenty thouſand times 
more Space in one caſe; than in the other. 


Experiment 3. Plate XXVI. Fig. G.] Let the 


fll'd with Water; it has a Braſs Cap fix d 
to it at the end B, by which it is to be ſerewd 


Eg. 6. by drawing out the Piſton of the Pump 
| che Water deſcends into it by its Gravity; and 
the Place in the upper part of the Veſſel is void 
both of Air and Water. The Air Bubbles in the 
Water, which are now compreſs d, becauſe the 
Air does not act upon the Surface of the Water, 
expand themſelves, and riſe up to the Surface of 


celerated ſo as not to 7 ſeen diſtinctly near the 
Surface, upon account of their very ſwift Motion; 


for MY they alſo grow bigger as they aſcend, and it you 
the compare the Diameter of a Bubble at with its 
the Diameter when it is come almoſt up to the Sur- 
Air face of the Water, but ſo far from it as to be ſeen. 


diſtinctly, its Diameter is at leaſt tour Times as 

great as before. . 
The upper Part of the Glaſs, as was ſaid be- 

fore, is entirely void of Air, for the {mall Quan - 

tity of Air which is continually going out. 

the Water, is not to be taken notice of here; 


c. 
| 1 therefore the Air- bubbles neat B, which is about 

. les 4 Foot below the Surface of the Water, are com- 

ey, WY preſs d only by the ſuperincumbent Water; bee 

155 Preſſure is to the Preſſure of the Atmoſphere 

elf nearly as one to thirty-two; in which Ratio 423 
it is alſo is the Space taken up by the Air, when tis 


comprels'd by the whole Acmolphere, to the 


Glaſs A B about fourteen Inches high be exactly 


the Water; in that Motion the Bubbles are ac- 


following Experiment with the Experiment of 
* 14 


to the Pump that is repreſented in Plate XXIX. 
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Space taken up in the Bubbles above-mention- 
ed; * their Diameter in their Aſcent, as has been 
ſaid before, becomes quadruple; that is, the 
Bubble becomes 64 times bigger than it was; 


and ſo the Space taken up by the Air in this laſt 


Caſe, is to the Space taken up by the Air, when 
compreſs d by the Atmoſphere, as 64 times 32 
(that is, 2048) to 1. The Air compreſs'd by 


the Atmoſphere is reduced to à Space 10 times 


leſs in a foreing Pump; and ſo the Denſity of 
the Air above - mentioned is to the Denſity of this 


Air, as 1 to 20480. Extracting the cube Roots 
of theſe. Numbers, we ſhall find that the Diſtan- 


ces between the Center of the Particles, in theſe 


1 ; ; 


two Caſes, areas 1 to 27. | 


Hence we conclude, that the Particles of Air | 


are not of the ſame Nature with other elaſtic 
Bodies, for the ſingle Particles cannot expand 
themſelves every way into 27 times the Space, 
and ſo be increaſed 2000 times, preſeving their 
Surface free from every Inequality or Angle; for 
in every Expanſion or Compreſſion, the Parts are 
eaſily moved one amongſt another ; but as the 
Air may be dilated much more than in this Ex- 


431 periment, it follows. that the Air conſiſts of Parti 


cles which do not touch one another, and that repel each 
other. We have ſhewn that in ſeveral Caſes there 


+ go are Particles endowed with ſuch a Property "4 


and it is plain enough that it 'obtains here; but 


ve are entirely ignorant of the Cauſe of this 


437 


Force, and it muſt be look'd upon as a Law of 
Nature, as is plain from what has been ſaid 
between Numb. 4. and Numb. 9. 


be Force byiwhbich the Particles of the Air fly from 


1 - 


: eacbotbery increaſes in the ſame Ratio as the Diſtance 


in which the Centers of the Particles are diminiſhed: 
that is, that Force is'inyerſely as this Diſtance. 
{To denomſtrate which; let us coplider two eqn 
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compreſs'd ;* they are alſo in a Ratio compound-* 126 


- Cubes A and B (Plate XXVI. Fig. 7) contain= | 9 | 
n ing unequal Quantities of Air; let the Diſtances 1 
e between the Center of the Particles be as 2 ro 1 
; 1, the Numbers of the Particles will be in the 1 
t ſame, bur inverſe Ratio, in the Lines d eand bi; jo 
n the Numbers of the Particles acting upon the Sur- vn 
2 faces d g and hm are as I to 4, namely, as the 15 
y Squares of the Numbers of the Particles in equal TN 
'$ Lines, and as the Cubes of thoſe Numbers, thar 1 
f is, as I to 8, ſo are the Quantities of Air con- FIN 
'$ tained in the Cubes; in which Ratio alſo are 19 
8 the Forces compreſſing the Air ip the Cubes.“ 429 * 
N- The Forces acting upon the equal Surfaces dg Ham 
ſe and ) mare as the Forces by which the Air is 1 | 
Wi | 

ir ed of the Numbers of the Particles acting, and | | 
ic the Action of the ſingle Particles; therefore this "HIM 
id compound Ratio is the Ratio of 1 to 8; The * 
* firſt of the compounding Ratios, as has been al 
ir ſaid, is that of 1 to 4 ; wherefore neceſſarily the 4 [| 

or ſecond is that of 1 to 2, which is the inverſe Ra- | [| 

re tio of the Diſtance of the Particles. And this De- 6 | 

he monſtration is general; for by 1 and 8 we expreſs 1 


x- any Cubes whatever, by 1 and 4, the Squares of 
ti- WW the Cube Roots; and laſtly, by 1 and 2 the Roots 
ch of thoſe Cubes: this Demonſtration proves that 
re the Action which the Particles continually ſuffer 
from all ſides, is increaſed between the Ratio in 
which the Diſtance of the Centers of the Parti- 
cles is diminiſhed, whether this Action is to be 
referred only to neighbouring Particles, or alſo 
to thoſe which are more diſtant. In the firſt 
Caſe the repellent Force it ſelf, which every Par- 

ticle is endowed with, is as the Action above- 
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mentioned, that is, inverſely as the Diſtance be- | 
tween the Centers of the Particle. | 
5 In the ſecond'Caſe the repellent Force is equal | | 
at al Diſtances ; for then the Action againſt I 
VF wif yr +64. 14 $4 nous | | 
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each Particle depends upon their Number in the 


ſame Line, which Number is inverſely as the Di- 
ſtance between the Number of the Particles. 
Then alſo, ſuppoſing the Air of the ſame Denſity, 
the Elaſticity will be/ the greater where the 
Quantity of the Air will be the greater; but as 
this does not agree with Experiments, therefore 


the firſt Caſe muſt be: true. 


— 


++ The Effects of the Elaſticity of the Air are like thoſe 


of its Gravity, and included Air acts by its Ela- 
ſticity juſt as Air not included does by its 
I he Air which is loaded by the Weight of the 
whole Atmoſphere, preſſing every way from 


the very Nature of Liquids, and the Force which 


it exerts does no way depend upon the Elaſticity, 

| becauſe whether you ne Shang Elaſticity or not, 
that Force which ariſes from the Weight of the 
Atmoſphere, and is equal to it, can be no way 
changed ; bur as the Air is elaſtic, it is reduced 
to ſuch a Space by the Weight of the Atmo- 
ſphere, that the Elaſticity which re- acts againſt 


* 226 the W . Weight, is equal to that Weight. 


But the Elaſticity increaſes and diminiſhes as the 
Diftance of the Particles diminiſhes or increa- 
* 432 ſes, and it is no matter whether the Air be re- 

tained in a certain Space by the Weight of the 
Atmoſphere, or any other way; for in either 
Qiaſe it will endeavour to expand it ſelf with the 
ſame Force, and preſs every way. Therefore if 
the Air near the Earth be included in any Veſ- 
fel, without altering its Denſity, the Preſſure of 
the included. Air will be equal to the Weight of 
the. whole Atmoſphere. TD 


© Experiment 4. Plate XXVII. Eg. 3.] Take the 
Tube mentioned in the firſt Experiment of the 
laſt Chapter, immerge it in Mercury inguggh.n 
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the Glaſs DC, ſo that the Air preſſing upon che : 


Surface of the Mercury: contained in the Veſſe! 
U, may have no Communication with the ex- 
ternal Air; the Mercury in the Tube is ſuſtained 
at the ſame Height by the Elaſticity of the Air, 

35 it was ſuſtained in the open Air. 

The Tenor of the Air continuing the ſame, 434. 
what we have ſaid will always obtain; but this 
Tenor or Temper of the Air is not always the 
ſame ; the repellent Force of the Particles is often in- 
creaſed or diminiſhed, tho the Diſtances between: their 


Centers is not changed : I ſhall ſpeak of this Alte- 


ration in the following Book: The con 
creaſes by Heat, and diminiſhes b y Cold. 


CHAP. XV. 2 — 


of the Air- Punp. 


H E Elaſticity of the Air is * Fouls: 435 

tion of the Conſtruction of a Machine by 
which the Air may be drawn out of any Veſlel. 
This Machine is call'd an Air- -Pump, wh ch is 
made ſeveral ways : the chief Parr in all of them 
is a Barrel, or hollow Cylinder of Metal, bored 
ſmooth, and poliſhed in the Inſide; in this Bar- 
rel muſt move a Piſton, that fills its Bore ſo ex- 
yas to let no Air ſlip by. This Piſton is thruſt 
down cloſe to the bottom of the Barrel, and then 
raiſed up in ſueh manner as to exclude all the 
Air from the Cavity of the Cylinder or Barrel; if 
this Cavity communicates with any Veſſel'by 
means of a Pipe at the. bottom of the Barrel, the 
Air in the Veſſel will expand itſelf, and part of it 
will enter into the Barrel, ſo that the Air in the 
Barrel, and in the Veſſel will have the ſame Den- 
ſity. Shut up the Communication between the 
E the Air * > 

| arrel, 
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220 
Barrel, apply the Piſton eloſe to the bottom, 
If you raiſe the Piſton a ſecond Time, and open 
the Communication between the Barrel and Veſ- 
ſel above · mentioned, the Denſity of the Air in 
the Veſſel will again be diminiſned; and repeat- 
ing the Motion of the Piſton, the Air i in the Veſ- 
ſel will be reduced to the leaſt Denſity. Yet al 
the Air can never be exhauſted by this Method; 
for at every Stroke the Air does ſo expand it ſelf 
as to have the ſame Denſity in the Barrel as in 
the Veſſel, in which laſt therefore there is al- 
ways a little Air e 


436 All Air-Pumps have in common the Parts a. 


bove deſcribed, but they differ in ſeveral other 
things. Firſt, the Communication between the 
Receiver to be exhauſted,” and the Cylinder or 
Barret, is opened and ſhur different ways. S- 
condly, there are different ways of getting the 
Air out of the Cylinder or Barrel, when the Pi- 
ton is brought to the bottom. Thirdly, the Piſtons 
differ in diſterent Pumps. Fourthly, the Poſition 
of the Cylinder is not the ſame in all Pumps 
Fifthly, there are different Contrivances for mo- 
ving the Piſton. | 

There are often two Barrels, in one of which 


the Piſton is raiſed, when it is depreſs d i in the 


other. 

Our 3 is 1550 repreſented in Plate XXVI. 
Fig. 1. the other Side of it is repreſented in 
Plate XXX. Fig. 2. Lſhall defer the particular 
Deſcription of it to another Place, and only here 
mention ſome things in general. This Pump has 
two Braſs Barrels C, C, of 2 Inches Diameter 
and about 5 Inches high. 

In theſe Barrels the Piſtons move, one 
of which deſcends, while the other riſes, which 
Motion is communieated to them by the Wheel 


R, which js moved by the Handle ME My By. 
LOL N „„ 


Mathematical Elements Book ok II. 


23 
m. fixed to the Axis 4. The angular Motion of the 
en Wheel, is the eighth Part of a Circle, by which 
75 ina leſs Wheel there is produced an angular 
in Motion of 120 Degrees. This leſſer Wheel is 
- MW fixed to a third Wheel, by means of which the 
lf Piſtons are immediately moved; they make a 
al Stroke of 3 Inches and a half. 
J; The Contrivance of the Piſton is much the 
lf ſame as in the Pumps which they uſe in England; 
in tho we think that We have made ours more per- 
l. fed, by ſome Alterations in tgnem. 
The Glass is to be exhauſted, orier pon the 3 

2. round Plate LL; they communicate with the 
er Barrels, by means of a Pipe, one end of which 
he is at D, and which ſolder d to the lower ſide of 
or the Plate, the Continuation of this Tube is ſeen 
5 at E E; there are two Cocks in it, E, E, between 
he the Cocks is fixed the Pipe , /, berg commun: 
i- cates with the Cylinders C, C. | 
ns When the Air is exhauſted, one * Sha Cale 
on above mention d ſerves to ſhut the Communica- | 
5. tion between the Receiver (ſo the Glaſſes are 1 
0: call d from which the Air is to be pumped out) _ 

aud the Barrels; the other Cock ſerves to let the Wl | 
ch Air in again, and to cut off the Communication 
he with the Mercurial Gage. 1 

This Mercurial Gage could not beconvenient- 4 38 8 

I. ly repreſented in this Eigure ; it ſerves to deter - 
in wine what Quantity of Air is drawn out of te 
ar Receiver, as alſo what Quantity of Air remains 1 
. in it; it is likewiſe of uſe for meaſuring the ſolid | 
has WI Contents of the Receivers, which ought to be 


er, exactly known in ſeveral Experiments ;; our Gage 
i — from the common Vans in, ſeveral Rev t 
"ne | | 


>< A little cylinder, with. a Cm upon it is 
eel often En into the . at Pol for n 


222 | Mathematical Elements: Book I. B. 
In the Middle of the Plate L L there is a Hole, 


_ which is ſhut up with a Screw; but ſometimes it 7 
ſerves for joining ſeveral Machines to the Plate. ex 
439 By this Means alſo there is often applied to the ſol 
Pump a eylindrick Box, full of Leathers ſoak d in ¶ ſuc 
Wax, thro'the Center ot which a braſs Wire paſles, in 
which may be moved by the Help of : a Handle, int 
ſo as to communicate Motion into a Place void et 
of Air; the Box has a Cover, which enters into the 
it with a Sctew, for preſſing the Leathers: toge- Ml rai 
ther, and to prevent the entring in, or eſcapingout wi 
440 ol the Air ʒ ſuch a Box or Collar of Leathers, is W Co 
often joined to the Cover which is laid over the Ml of 
Recipients, as may be ſeen in Hg. 3. Pl. XX VII. Wl pot 

and in Ng. . Plate X XXIII. 
441 When the Receivers are laid upon the Plate diff 
L, L, or when the Receivers are ſloped with Co- Ea 
vers, or when the Screws are joined to the Ma- of 


weighed when it is full of Air, and again hen BW me 
the Air is exhauſted, the Difference between b 
= their Weights, is the Weight of the Air; which 1 
= Method has this Inconyenience, that ſuch a ſmall ¶ Sea 
| difference of Weight carinor'cafily be diſcovered, WW 2nd 
= when a Balance tho" ever ſo nice, is loaden with Wl Ec 
„ | a great Weight; therefore we mult make aſe of MW Rec 
=! - che following Method. „„ 
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Bede 1. Plate XXVIIL Fig. 2. th, Having: 442 
exhauſted the Air out of the-Glak Ball, whoſe 
ſolid Contents are 283 Inches, and having wed: 
ſuch a Weight to it, that it may be almoſt equal 
in ſpecifick Gravity to Water, let it be immerſed 
into the Water contained in the Veſſel DE, and 
let it be faſtened by a Thread to the Hook ' 
the Scale of the Balance A B, above deſcribed; 2 
raiſe the Balance till you make an Equilibrium 
with a very ſmall Weight if by opening the 
Cock you let the Air into the Globe, a Weight 1 
of about 100 Grains will be required in the op- 
poſite Scale to reſtore the Aquilibrium, ſome- 
times more, or ſometimes leſs, according to the 
different Tenor of the Air, whioh here near the 
Earth is varied according to the different Weight 
ot the Armoſphere, and enn to che diffe- 
rence of Heat and Cold. 

Bodies immerſed in Liquids are ſalteined by 
them, and the more or leſs, according to the 
greater or leſs Bulk of the Body, and the Weight 299 
loſt in that Caſe is determined from the known 
Denſity of the Liquid ; * by the foregoing, Expe-* 297 
riment therefore it may be known, how much 
Bodies gravitate leſs in Air than in a * 
cuum. 

Hence alſo may be deduced; that Bodies FRY 
are in Equilibrio in the Air, if "their Bulls are ur- 

equal, will Joſe their Equilibrium in a Vacuum: 

which is Wanne A ey aber dere 
ment. | | | 


2. Plate XXVII. Fig. 3. Þ 1 
We of the Balance ab, lay a piece of Wax, c, | 
and a Weight of Metal, p, and you will have an I 
Equilibrium. Hang up the Balance in a Glaſs o_ 
Receiver, —_ VO exhauſted the A Wes —_ 
ax 


} 


0 Wax wilt eee its Bulk ills greater 
than the Bulk of the Body p, it muſt he more 
ſuſtained by the Air; and therefore when you 
let the Air into the Receiver again, the Equi 
librium i is reſtored. 
The Elaſticity or Abi of the Air, which has 


been proved in Chap. XIIL-becomes more ſen 
ble by the following EO . 80 


* Experiment 3. J Tie up a Bladder weep _ 


with a ſmall Quantity of Air in it; put a Re- 


ceiver over it, and pump out the Air, whereby 


the Preſſure the external Surface of the 
Bladder is dinninilhed, and immediately the Air 
included in the Bladder will expand it ſelf, and 


ſwell it out. We have proved, that the Spring 


745 


of the Air is equal to the Weight of the whole 
Atmoſphere ; the 1 me wil 
make it viſible, wolf 


„Eper peng d. plate XXVII. Fig. 1. Take a 


"Bladder tied up very cloſe, and not quite full of 


Air, and put it in a Braſs Box A, whoſe-Diameter 


is three Inches and an half; 10 that the Cover, 


which is of Wood, and does not exactly fit the 
Box, may be ſuſtained by the Bladder ; you muſt 


put the Lead Weights P, P, upon the Cover: they 


have a Hole in the middle for a wooden Cylin- | 


der E, which is fixed to the Cover, to go thro: 
When you pump out the Air, the Bladder 15 


ſwelled as in the foregoing Experiment, and b) 


Glaſs Receiver, and tho 
o Pounds, they NE be eaſily raiſcd/ 


from u the Gravi ty, as 2 * its 1 1 m—_ 


that means the Weights are raiſed. Lou may ule 
ſeveral Weights according to the Bigneſs of your 

they ſhould amount to 
60 or 


. ravity of the Air, its Preſſure that ariſes 


* 
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very different Effects; ſome of which I ſhall. ſe- 
ect, and confirm by Experiments. 


Hole in the middle oſ the under ſide ot the Air- 
Pump L L, ſcrew on a ſmall hollow Braſs Cylin- 

der, which has a Hole thro it, and an open 
Glaſs Tube A B cemented to it at Bottom, 
whoſe lower end B muſt be immerged into Mer- 
cury. Let Mercury be ſuſtained in the Tube eg, 

that is cloſe at e, and void of Air in the man- 
ner before ſaid. Set the Veſſel U with the Tube 422 


* - 

upon the Plate LL, and cover it with a tall Glaſs 
ir DC, ſo as to cut off all Communication be- 
d tween the external Air and the Veſſel U, as alſo 


og. Wl the Cavity of the Tube AB. The Air in this 

lc Tube does by its Elaſticity hinder the Mercury 

ill Wl from riſing up in the Tube, by the Preſſure of the 

external Air. The Air alſo that is included in 
te Receiver D C, does by its Spring ſuſtain the _- 

Mercury in the Tubeg e. * Pump the Air out 433 
of Net DC; as the Denſity diminiſhes, the Elaſticity 

ter does alſo decreaſe, * and the Force by which the 430 

er, Mercury is ſuſtained in the Tube ge becomes 


the Wl cſs, therefore the Mereury deſcends. At the 
uſt ame time the Preſſure of the external Air over- 
e comes the Reſiſtance in the Tube A B, and the 
in- Mercury aſcends in the Tube. The Diminution 
ro: {Mot the Spring in the Tube A B, and in the Veſ- 
iel BC, is the ſame, and the Effe& of the Di- 
by minution the ſame in both caſes ; therefore the 
ule {WMcrcury deſcends as much in the Tube e g as it 
out {Wiles in the Tube A B, which agrees with the 
tto Experiment. By this Method the Mercury is 
ſed/ raiſed up to f, whillt the Tube ge becomes. al- 
riſes noſt wholly empty ; when you let in the Air 


o 
* 


again, the Mercury riſes in the Tube ge, as it 
i depreſſed in the 1 e 


Experiment 


447 Experiment 6. Plate XXVII. Bg 4. Take the 


| 450 55 E*purtwin 9. Plate XXIX. gg. 1.1] Take aSy 
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little Pump or Syringe A, and its Piſton being 
thruſtcloſe to the Bottom, let the Tube which 
is joined to this Syringe be immerged in Water; 
when you raiſe up the Piſton, the Water will 
follow ir, and fill up the Cavity between the 
Bottom of the Pump and the Piſton z which Ef- 
fe& ariſes from the Preſſure of the external Air. 
For this Reaſon Water does not riſe in vacuo. 


448 Experiment 7. Plate XX VIII Eg. 5.] Join the 
Glaſs Tube bc to the Syringe A, Which is 
| ſcrewed to the Cover of a Glaſs Receiver, fo 
that the End e of the Tube may deſcend beloy 
the Surface of the Water in the Veſſel U; thruſt 

don the Piſton to the Bottom of the Syringe 
and let all the Air be pumped out of the Recei 
ver. If then you pull up the Piſton, the Wate 


will not riſe. 


449 Experiment 8. Plate X XVIII. Fig. 6. The Force 
by which the Air preſſes upon Bodies, ofter 
breaks them when the Preſſure is not equal ever 
way. Let the Braſs Cylinder A be covered wit 
à flat piece of Glaſs; when you pump the Aunt 
out of this Cylinder, the Plate of Glaſs will bt 
broken into - a great many little Pieces by thi 
beide external Al. 


ringe A of an Inch Diameter; puſh down th 
Piſton to the Bottom of it, and ſhut up the Hol 
at the bottom of the Syringe, and hang on 

Weight P of 10 Pounds to the lower end of th 
Syringe; if you hold the Handle B of the Piſtc 
in your Hand, the Syringe will not deſcend : fo 
| It cannot deſcend unleſs the Weight hanging; 
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it overcomes the Preſſure of the Air and Friction 


of the Piſton ; but the Preſſure of the Air alone 
does here exceed 10 Pounds. 


Experiment 10. Plate 7 Fs 2. ] The Sy- 
al 


ringe deſcends by the Weight p alone in a Vacu- 
um, which is but juſt ſufficient to overcome the 
Friction of the Piſto . 
Experiment 11. Plate XXIX. Hg 


when the two Segments of a Sphere, H and I, are 
joined together. Let the Brim or Edge of each of 


It; 3.) We ſee 4 
more ſenſible Effect of the Preflure of the Air, 


1 


a a 


them be well poliſhed, ſo that they may fit toge- 


ther, and when they are applied eloſe, put a little 


Wax between, to exelude the Air. There is a 


Cock in the Segment H, by which the two Seg- 
ments, when joined together, may be applied to 
the Air Pump, and which muſt be ſhut when 


you have exhauſted the Air. The Segments are 


ſuſpended by the Ring A, and by the help of the 
Ring Q you may hang to them the Weights that 


are laid upon the great wooden Scale T. If the ; 


Diameter of the Segments be three Inches and 
an half, a Weight of about 140 Pounds will be 
required to pull them aſunder. ETD | 


Experiment 12. Plate XXX. Fig. 1.] Let the 
Segments be joined together and exhaulted, as in 
the former Experiment ; if they be ſuſpended in 
a Vacuum, with a little Weight P hanging on, 


which is juſt able to overcome the Coheſion of 


the Wax, they will be ſeparated in this Experi- 
ment. There muſt be faſtened to the Plate L L, 
the little Braſs Box, or Collar of Leathers, * thro? 
which a Braſs Wire that has the Weight hanging 
to it {lips. Leſt the Receiverſhould be broke by 


the Fall of the lower. 8 you muſt put un- 


43 


* 439 


der 


55 der it the hollow wooden Cylinder M, to let it 
fall into. In this Figure the Segments are ſuſ- 
pended to the Cover of the Receiver which is to 
be exhauſted ; they may alſo be ſuſpended from 
a Pillar faſtened to the Cylinder M. That the 
Hemiſpheres may not be ſeparated without Dif- 
ficulty, it is not required that they ſhould be 
empty of Air; as great a Forec will be required 
to ſeparate them as in the . 11th Experiment; 
when having included them in a Veſſel, and ap- 
plied them cloſe together (ſo as to leave them 
full of common Air, and ſhut the Cock that the 
Air between them may not be changed; ) the Air 
on the outſide of them in the Veſſel that contains 
them, is reduced to a double Denſity ; which to 
confirm by an Experiment, we muſt firſt deſcribe 
the Machine with which we make Experiments 
in compreſſed Air. Fe ca Tiny 


454 Plate XXXI. Fig. 5.] A round Braſs Plate N 
is laid upon a Board à a, about 15 Inches long, 
and 10 wide; the Diameter of this Plate 1s 
about 5 or 6 Inches, as you may ſee by its ſepa- 
rated Figure at N, in Plate XXIX. Fig. 4. and 
has fixed to it here a Cylinder P, which is not 


perforated, and goes thro? the Board a a. + Upon 
this Plate you muſt put a Glaſs U U, about 10 
Inches high, that is terminated at each End in a 
cylindrick Form, and the eylindrick Parts have 

| Braſs Rings, or Ferrils upon them. | 1 
The Veſſel muſt have upon it the Cover D. 
The Pillars CS, CS, are faſtened to the Board as, 
and go thro' the Wood de, by which the Cover 
D is firmly joined to the Glaſs, as alſo the Glaſs 
to the Plate N, by the Force of the Screws ff. It 
is very neceſſary to preſs all theſe Parts cloſe to 
gether, having firſt ſpread Wax upon the upper 
and lower Edges of the Glals Th 


B ook HI. of Natural Philoſophy; © 229 
The Cover is repreſented in the ſeparated Fi- 
gure D, Plate XXIX Fig. 41 There is fixed to 
it the Collar of Leathers, * and left the Piece of * 439 
Wood d e ſhould be applied to too ſmall a Sur- 
face, the Cover is made in the Shape of a round 
a, 7 TR Tao fil Neva 
There is a perforated Braſs Wire C, which 
+ Foes thro' the Collar of Leathers, to which a 


© 


4 Cock B is joined. ; 

a Plate XXIX. Eg. 6. In order to compreſs 45 
; the Air in this Veſſel, ſcrewing on the Syringe | 

r AB to the Cock B laſt mentioned, which Syringe 

$ has joined to it another Cock, in the Key of which, 


beſides the uſual Hole, there is another oblique - 
Hole which goes to f, and by which when you 
ſhut the Communication between the Glaſs and 
the Syringe, the Syringe has a Communication 
with the common Air, and is filled with it when 
you raiſe up the Piſton, When you open rhe 
Communication between the Glaſs and the Sy- 
ringe, by puſhing down the Piſton, you force the 
Air which was contained in'the Syringe into the 
Glaſs; and by often repeating this Operation, 
you at laſt bring ir to the Denſity requited, - 


Experiment 13. Plate XXIX. Fig-4 1 Now to 456 
ſeparate theſe Segments or Cups in compreſ- 
ſed Air, the Segment I is joyned to the Plate 
N, by Means of the Pillar M L, which has 
Screws at M and IL. The other Segment H, 
by Screws at F and E, is joined to the Wire C. 
The Segments muſt be applied to each other. 

As for the reſt you muſt obſerve what has been 

ſaid in the Deſeription of the Machine; and the 

Air muſt be compreſſed in the Veſſel, ſo as to 

have twice the Denſity of that which is compreſ- 

{cd only by the * At P the Ring 
| 23 2B 
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is joined to the Plate N, as alſo the Ring A to 


2 
„ 


the Cock B. Invert the Machine, as in Fig. 5. 


and ſuſpend it by the Ring Q. The Scale T on 


which the Weights are laid, hangs upon the 


Ring A.; and until the Weights laid on, come 


the Segments. 


457 
Plate L L, which Tube has a Cock in its upper 


to be about 140 Pounds, the Segments will not 
be ſeparated. Three Screws X, X, hinder the 
Scale T from deſcending too low in ſeparating 


» 


| Experiment 14. Plate XXX. Fig. 2.JApply the 
Tube A B to the under ſide of the Air-Pump 


Part, and is join'd to the ſmall Tube which ſands: 


above the Plate. Put on the Receiver R, which co- 


vers the prominenr Tube. The End Bofthe Tube 
A B muſtbe immerſed in the Water contained in 


the Veſſel U, and having exhauſted the Veſſel R, 


you muſt-open the Cock; the Water will ſpout 


423 


up into the Receiver with a great Force, for the 
ſame Reaſons as the Water is ſuſtained at the 
Height of 32 Foot in a Pipe void of Air. 


458 Experiment 15. Plate XXX. Fig. 3.1 The Air's 


be a Hole in the Bottom to 


Elaſticity produces the ſame Effect. Let there 
be a Braſs Cylinder U exactly ſhut. There muſt 
pour in Water, which 


' afterwards you ſhut up with a Screw. To the 


upper Part of the Veſſel there is ſoldered a Pipe 
which goes down almoſt to the Bottom; and 
to the other end of it that ſtands above the 


Veſſel, a Cock is joined (See Fig. 4.) This Veſ- 
| ſel is to be ſcrewed on to the lower part of LI, 


che Air-Pump Plate, and from it a Pipe goes 
quite thro* the Plate, and ſtands up above it, 
which is covered by the Receiver R. After you 
have pumped put the Air, the Veſſel, U being 


WAI thirds full of Water, when you mw 
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the Cock, the Water will violently ſpout up into 
the Receiver, by the force of the Spring of the 

Air contained in the upper Part of the Veſſel U, 
Here the Air preſſes upon the Surface of the Wa- 


ter when you open the Cock, the Preſſure in the 


Tube becomes leſs, therefore the Water muſt go 


into the Tube, 3 hs 


Experiment 16. Plate XXX: Fig. 4. ] Even in 459 


the open Air, the Water will violently ſpout out 


of the Veſſel U, if having filled it two thirds » 
full of Water, the Air be compreſſed in the up- 

per Part of it, which is done by help of the Sy-* 455 
ringe abovementioned.* Os ow Oo 


Experiment 17. Plate X'X.X1I. Eg. 1. ] Invert the 460 
Glaſs R, and immerge it in the Water contained 
in U, the Air keeps out the Water at whatever 
Depth it be immerged; yet the deeper the Glaſs 
is put dovyn, the leſs ſpace the Air is reduced into. 


Upon this Principle are made the Machines in 46 FE 


which Divers go down into the Sea. They are 
made like Bells, and deſcend by their own Gra- 
vity ; the Water does not riſe up to the Diver in 
the Bell; freſh Air is ſent down continually by 
Bladders tied to a Rope, which he draws down 
to him ; the Air heated by his Reſpiration, riſes 
to the upper Part of the Bell, and is there driven 
out thro” a Cock, by the Preſſure ot the Water, 
that puſhes up and compreſſes the Air in the 
lower Part of the Bell; which Preſſure overcomes 
the Force with which the Water endeavours to 
deſcend thro the Cock; for the Preſſure of Li- 
quids is inereaſed in proportion to their Depths.“ 299 


Experiment 18. Plate XXXI Eg. 2] Take 4 462 
tle Figures of Glaſs that are made hollow, of an 


Inch and half long, repreſenting Men, which 
may bc had at the Glaſs- Blo wers; theſe little 
„ images 
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l4mages have a ſmall Hole in one of their Feet, 


and are lighter than Water. Immerge them in- 
to the Water contained in the Glaſs AB. This 
Glaſs is about a Foot or 15 Inches high, and 
covered with a Bladder, which is tied faſt over 


the Top. A ſmall Quantity of Air is to be left 


5 * 
- 


between the Bladder and Surface of the Water. 
If the Veſſel be preſſed with the Finger, the Air 
above-mentioned is reduced to a leſs Space, and 
the Surface of the Water is more compreſled ; 
the Water, which is more compreſſed, enters in 
the little Men thro” the Hole at their Feet, and 
compreſſes the Air in their Bodies more than it 
was. The little Images becoming heavier, by 
this means deſcend towards the bottom of the 
Veſſel, and that faſter or ſlower, according to 
the bigneſs of the Hole, and alſo according as 
the Specifick Gravity of the Images comes nearer 
to the Specifick Gravity of the Water. Taking 
away your Finger, the Air in the little Men be- 
ing leſs compreſſed, expands it ſelf, and drives 
out the Water, ſo the Images riſe up again to 
the Surface of the Water, „„ 


463 Experiment 19. Plate XXXI. Eg. 3.] Animals 
- cannot live without Air. If any Animal be in- 
cluded in the Receiver U, and the Air be drawn 
out, the Animal will immediately be in Convul- 
ions, and will fall down dead, unleſs the Air be 
ſuddenly re-admitted. Some Animals will live 


in a Vacuum longer than others. 


464 Experiment 20.Plate XXXI, Fig, .] Some Fiſhes 
alſo cannot live without Air ; but in others you 
ſee no ſuch Change but the Swelling of their 
Eyes. What Experiments you make upon Fiſhes 
=p be made in the 5 9 4 
F upon the Plate of the Air-Pum d to 8 
4 pan Fj Plats of the 4 4 + m4 57 | + Holt 
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Hole thro? which the Air is drawn ont, you maſt © 
ſerew on a Pipe, which comes up almoſt to the 


upper Part of the Glaſs U; pour in Water, and 


then put a Cover over the Glaſs Receiver U, 
and exhauſt the Air out of the upper Part of it. 


Having taken away the Preſſure of the Air from 


the Surface of the Water, the Air in the Fiſh's _ 
Body expands it ſelf, by which means the Fim 
becoming lighter, cannot deſcend in the Water. 


Experiment 21. Plate XXXI. Fig. 5.) Experi- 465 5 
ments are made upon Animals in compreſſed Air, 
by help of the Machine above deſcribed.* In* 454 


that caſe Animals do'not ſoon die, becauſe the 


Veſſels in the Body are not broken; yet if they 


continue long in that condenſed Air, it muſt be 


hurtful to them; nay, and in a greater Compreſ- 


fion of the Air (for. which a Veſſel of Metal is 


required) they will die in a little Time. 


Expes 
If 6 them under a Glaſs Receiver, and 
draw out the Air, then the Air contained in the 
Liquors will expand it ſelf and go out. In that 
caſe very often the Action of the Particles of the 
Liquid upon one another is changed, and a Fer- 
mentation ariſes. | 0 4 | | 


CH A P. XVI 


The Deſcription of ſeveral Machines, and the | 


Explanation of their Effefts, 
[ Experiment 1. Plate XXXII. Eg. 1-] 


immerged in Water, whilſt the other End 


b deſcends below the Surface of the Water. If 
DK 


ment 22.] Several Liquors contain Air. 466 


ET one End à of the curve Tube a Sb be 467 : 
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-out of this Tube, the Water will run thro? 6. 
This Inſtrument is called a Hphon © 
This Effect ariſes from the Preſſure of the Air, 


which drives on the Water in the Syphon, by its 


Preſſure upon the Surface of the Water in the 
Veſſel. The Air does alſo preſs againſt the Wa- 
tet that goes out of the Orifice b, and ſuſtains it. 


Theſe Preſſures are equal, and act contrarywiſe 
in the upper Part of the Syphon, with a Force 


equal to the Weight of the Atmoſphere, taking 
away the Weight of the Pillars of Water which 
are ſuſtained by the Preſſure. The Pillar of the 


Water in the Leg Sh is longer than the oppoſite 


7; * 


* 


de 


Pillar of Water; therefore the Preſſure of the Air 

is more diminiſhed on the Side bS, and the op- 
polite Preſſure overcoming it, the Water flows 
ard p. - :; „„ 


© Experiment 2. Plate XXXI. Fig. 6.] The Sy- 


phon above-mentioned has this Inconveniency, 


that if once it ceaſeth to work, the Water will 
not run again, unleſs the Air be drawn out of the 


Tube afreſh, This may be corre&ed by making 


à Syphon in the Figure 4 S, whoſe Legs are 
equal and turned up again: For if the Syphon be 
filled with, and one Leg be immerſed in Water, 
. fo that the Surface of the Water may be above 

the Orifice, then the Water will run out thro 
the other mf for the reaſon given in the Expli- 
0 


always ready to work its Effe 


cation of the former Experiment. Since the Legs 
are returned upwards, the Syphon will not be 


emptied when the running out of the Water 


ceaſes, and ſo the Syphon * filled, is 
The Water 


runs backward or forward thro! it, according as 


2 it is higher on one ſide gr the other. 
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plate XXXII. Hg. 2.] n the ſame Print 470 
ple as the foregoing Machines, is contrived the 
Syphon for raiſing Water into a Ciſtern, The Ef- 
fect of this Syphon becomes viſible by the help 
of a Machine made up of two hollow Glaſs Balls 
Hand I. which are joyned together by the Tube 
CD E, the Ball I communicates with the Water 
to be raiſed by means of the Tube A B, which 
comes up almoſt to the Top of the Ball; to the 
Ball H at the lower Part is joyned the Tube 
FG as long as the whole Tube A3. 

The Ball H muſt be filled with Water chrough 
2 Hole by a Funnel, and then the Hoke muſt be 
ſhut up cloſe. ä PE 

In ſuch Machines as are a plied to Uſe on | 
raiſing Water out of a Reſervoir that contains ir, 
the Water is brought any way into the Veſſel H, 
and the communication between the Veſſel and 
the Reſervoir is ſhut up with a Cock. 


Experiment 3 JOpening the Cock G, 3 Wa- 1 
ter will run out that way, and the Water will | 1 
aſcend through the Tube AB up into t "Ve. 1 

I; which being filled, the Water is ſuffered to li 
run away to the Place where you would have it; 
and by repeating the Operation, the Elevation | 
of the Water continues. 5 
Opening the Cock G, che Air preſſes againſt the 471 
Water going out of the Tube F G ; the Air alſo 
preſſes upon the Water in the Reſervoir, and fu- 
ſtained that which is in the Tube A B. Theſe Preſ- 
{ures are equal, and if you take from them the Co- 
lumns of Warer which they ſuſtain, you will have 
the Forces by which they act upon the Air contain” 
ed in the upper Part of the Veſſels and the Tube 
CDE. The Piflar F G, becauſe there is ſuperadded | 
jo it the * of the Water! inthe Veſſel H, does 


& * 4 r * 
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236 Mathematical Elements Book It, 
always overcome the Column in the Tube AB, 
As being longer; therefore the Preflure at G is 
leſs diminiſhed than the other, and ſo overcome 

by it, and therefore the Water muſt riſe in the 
Tube A B, and deſcend down FG 
472 To render the Effect of common Pumps viſible, 
let there be a little Pump made of Glaſs in the fol- 
lowing manner; AB (Plate X XXII. Fig. 3.) muſt 

be a Cylinder of Glaſs, and about an Inch and a 
half Diameter. In the Bottom of ir joyn-a Tube 

ot any Length, as C D. Let the upper Part of 
it be ſhut with a Leaden Ball, ſo that the Water 
may not be able to deſcend out of the Cylinder, 
but: may eaſily riſe into it, by raiſing up the Ball, 
which we make uſe of here inſtead of a Valve. 
The Piſton is moved in the Cylinder A B, which 
being ſurrounded with Leather, exactly fills its 
Cavity: there is a Hole in the Piſton, which like- 
wile is topp'd with a Ball of Lead inſtead of a 
Valve ; ſo thar the Water may riſe, but not de- 
ſcend through the Piſton. CS. 


Experiment 4] Puſh down the Piſton to the 
Bottom, pour Water upon it to hinder the Pal- 
ſage of the Air; if the End of the Tube C D be 
, immerſed into Water, and the Piſton be raiſed, 
the Water will aſcend up into the Cylinder AB 
* 447* from which it cannot deſcend ; wherefore it 
comes up through the Piſton when it is puſhed 
down. If you raiſe the Piſton again, the Cylin- 
der is again filled with other Water, and the 
firſt Water is raiſed up into the Wooden Cylin- 
der which is joyned to the Glaſs one, from 
which it runs out through the Tube W. 


473 Since the Effects of all the Machines deſcribed 
in this Chapter, depend upon the Preſſure of the 
Atmoſphere, the Water will not riſe in thgſc Ma: 
» 423 chines much higher than 32 Foot. Z Then 
„ a e 
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There are ſeveral little artificial Fountains 
that are called the Fountains of Hero; I ſhall 
here give the Conſtruction of one of them. 


Plate XXXII. Fig, 4.) Let there be two equal 474 
aliptical Veſſels A B and C D, exactly ſhut on al! 


fides, made of any fort of Metall. 
In each of them there is a Separation paſſing 
through the Center of the Ellipſe, which divides 
the whole Veſſel into two equal Parts. 
The Separation m i in the Veſſel DC, is 
perpendicular to the Axis of the Ellipſe, the Se- 
paration c f g h of the other Veſſel muſt be in- 
clined to that Axis. > . N 
There is a Brim raiſed round about the upper 
Part of the Veſſel A C B, to make a Baſon. 
Four Tubes are joyned to theſe Veſſels. The 
firſt o p goes through the Cavity B of the Veſſel 
A B, without having any Communication with 
it, and deſcends almoſt to the bottom of the Ca- 
vity D; the ſecond s 7 is ſoldered to the upper 
Part of the Cavity, D, and aſcends to the upper 
Part of the Cavity B, but not quite ſo high as to 
touch the upper Plate of it. The third qr reaches 
from the lower Part of the Cavity B, almoſt 
to the bottom of the Cavity C; the 4th, x u, is 
made faſt to the upper Part of the Cavity C, and 
reaches almoſt to the upper Part of the Cavity A. 
Laſtly, there is a Tube z y, which going through 
the upper Plate, is ſoldered to it, and reaches 
down ſo deep in the Cavity A, that its End z 
is but a little way off of the Botton. 
There are Cocks joyned to every one of the 
Cavities; or elſe they have other Holes that are 
ſhut up with Screws that have Leathers on them; _ 
the chief uſe of them is to let out the Water very- 
clean from the Cavities, leſt they ſhould grow | 
raſty when the Machine is not in uſe. 3 5 


Experiment 


. 9 
w- * 


| Mathematical Elements, Bock ff 
Experiment 5. J Pour in Water through the 
Tube o p, ſo as to fill the Cavity D; if you con- 
tinue to pour in Water it will rife up through the 
| a Tube t, and then deſcend through q r into the 
Cavity C, which is alſo filled, the Air aſcend- 
ing up through x u, and going out through 2 5. 
Turn the Machine upſide down, opening the 
Cocks of the Cavity C and D, the Water will de- 
ſcend into the Cavities B and A. Having again ſhut 
Cocks, as alſo the Hole y of the Tube 2) 
the Machine again the right Side upwards, 
nd pour in Water again through the Tube op, 
till the upper Surface of the Machine be covered 
with Water. Now if the Hole y be opened, the 
Water will ſpout upto almoſt twice the Height o 
the Machine, and the Motion of the Water will 
continue till the Cavity A be empried of its Wa 
ter. The Height of the ſpouting Water will con 
tinually diminiſh, and at laſt it will not be dou- 
ble the Diſtance of the Veſſels. 5 

475 The Effect of this Machine is to be attributed 
to the Compreſſion of the Air in the Veſſels. The 
Pereſſure of the Atmoſphere at o and 9, as alſo in 
the Veſſels, is equal, and theſe Preſſures deſtroy 
one another, therefore they are not to be conſidered] 
in the Examination of the Machine. When at laſt 
the Water is poured into the Tube o p, it is ſu- 
ſtained in it by the Preſſure of the Air contained 
in the Cavity D, and acting upon the Surface of 
the Water which ſtands at a ſmall Height in that 
Qavity; which Air therefore is compreſled by 
mie Weight of the Water, whoſe Height isp o. We 
Agpeak of the Preſſure, by which the Preſſure of the 
Atmoſphere is overcome. The Air in the upper 
Hart of the Cavity B, communicates with the 
Air above-mentioned by the Tube s t, and is e- 
qually compreſſed, and acts with the ſame Force 
| upon 
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upon the Surface ofthe Water Coke This 


3 
2 Js 
A the 
£3 
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preſſure is to be added to the Preſſure ariſing 
from the Height of the Water, in order to have 
the Force by which the Air is compreſſed in the 
Cavity C, as alſo in the upper Patt of the Cavity 
A, by reaſon of the Communication throngh the 
Tube x u. The Preſſure therefore upon the Sur- 
face of the Water in that Cavity A, is equal to 
a Pillar of Water, whoſe Height is almoſt dou- 
ble the Height of the whole Machine. And 
therefore it ſpouts as if it was preſſed by ſuch a a 
whole Column; that is, to a Height not much 
wanting from the Height of that whole Column. * 358 
The Height is continually diminiſhed, for the 
Columns of Water which compreſs the Air, con- 
tinually becomes ſhorter, becauſe the Water aſ- 
cends in the Cavities C and D, and its Height is 
diminiſhed in the Cavity B. In the ſame Time 
the Cavity A is continually evacuated, and the 
Water aſcends through a-greater Space before it 
comes to); therefore it is driven to a leſs Height 


| above . gs 55 1 
FE F ft 
Of the undulatory Motion of the Air, where | 

we ſhall treat of Sound, *' 


| fo the Air be agitated in any manner, the Particles 476 
moved, recede from their Place, and driveche - 
neighbouring Particles into a leſs Space; and as 
the Air is dilated in one Place, it is compreſſed 
in the Place next to it; the compreſſed Air, by 
the Reſtitution of the Spring, not only returns to 
its firſt State, but is alſo dilated by the Motion 
acquired: by the Parricles, | ff + 

The Air being firſt dilated by that Motion, is 
reſtored to its firlt State, and the Air ene c 


* * 


Bi 


Ven the Airlaſt compreſſed expands its ſelf, by 
hich a Compreſſion of Air is again produced; 
| | therefore from aw Agitation there ariſes 4 Motion a. 
nalogous to the Motion of 4 Wave on the Surface f 


with 2 Dilation following, ſo as to make what 
_ * 703 iscalled a Wave of Air : * Compreſſed Air always 
dAilates it {elf every way, and the Motion of theſe 
478 Waves is the Motion of a Sphere expanding it ſelf in 

the ſame manner as the Waves move circularly 

* 405 upon: the Surface of the Water. * 
478 hilt a Wave moves in the Air, where. ever it 


ing and coming. 

Plate XXXIII. Ng. 1. ] Now to explain the 

Laws of this Motion, let us eonceive Particles 

ol Air to be plae d at equal Diſtances, and to be 

in a Right Line, as a, 6, c, d; &c. and f. Let the 

Wave be ſuppoſed to move along that Line ; now 

let us ſuppoſe it to be come forward along that 

Line, as far as between b and p; and that the 

Air is dilated between b and h, but compreſſed 

between h and p, as all this is repreſented in Line 1. 

479 The greateſt Denſity is at m, which is the middlii 

between h and p, and the greateſt Dilation between l 

and h, is in the middle e. 1 

480 I berever the neighbouring Particles are not equaly 

diſtant, the Motion arifing from Elaſticity, cauſes the 

leſs diſtant Particles to move towards thoſe that are moſt 

* 432 diſtant; and this Motion alone, abſtracting from 
 _  allother Motion acquired, is to be examined. 

481 Berween b and e there is a Motion from b towards 

e, that is, conſpiring with the Motion f the Waves 

there is alſo ſuch a Motion between m and p. . 


return to it, running through a very ſhort Space in go- 
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ſed towards other Parts. This again obtain 


* 402JYater.* The Air is compreſſed in that manner 


paſſes, the Particles are removed from their Place, and 


2 2 22 fre <> 2 — oe 2 


S 


But there is a contrary Motion between e and m, 482 


ol a Particle, cannot be determined from the A- 


ward to 4, as in the Line 2, and ſucceſſively in 13 
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and it is diretied om m towards e. 
At m and e, where the Directions of the Moti- 483 

ons are changed, 0 Action ariſes fromthe Elaſti- 

city, becauſe the neighbouring Parts are placed 

at equal Diſtances among-themſelvess © 


In the Places 'b, h, and p, the Difference of the 484 
neighbouring Parts is the greateſt of all, and 
therefore there 7s the greateſt Action of the Elaſticity. 

From this it follows; that a Particle, accord- 
ing to its different Place in a Wave, ſuffers a dit- 
ferent Action from the Elaſticity by which its 
Motion is generated, accelerated, diminiſhed or 
deſtroyed ; therefore tſſe Direction of the Motion 


gion of the above-mentioned Direction only, and 
does not always agree with that Direction, and 
the Motion of the ſingle Particles is changed eve- 


ry Moment: 5; 4 FE in td 
All the Particles between 4 and p are removed 
according to the order of the Letters. The Parti- = 
cles between h and p continue their Motion, nag 
the reſt between h and 6 return towards 6, as will | El 
Theſe" continue in the Motion by which they 
return, until by the Action ot the Elaſticity, 
whoſe Direction is changed in the Point e, the 
Motion acquired anew be deſtroyed; in which 
Caſe a Particle as 6, returns to reſt, and its farſk 
State. In the following Moment the Particle c 
comes to reſt in its firſt State, but p comes for- 


equal Moments, the Wave as all the Pofitions 
which are here repreſented inthe Lines 1, 2,3, O's 483 
and 13; and whilft the Wave from the Poſition 

in the Line 1, comes to the Poſition in the Line = 
13, it runs through its whole Breadth. . The Particle - 
þ in that Motion goes nal the — 1 9 | | 


— 
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ol it is made ſenſible in the Figure, and as it 
plainly appears, this Particle goes ſucceſſively through 
all the Situations of the Particles; in the Waves all 
the Particles ſing! y are agitated "Fi the like Mo- 
tion. 
5 The Motion of any Particle as p, in its going Fry 
ward and forward, is analogous to the Motion of aVi- 
rating Pendulum, whilſt it performs two Oſcilla- 
tions, that is, does once go > Ride and backward. 
A Pendulum deſcends in its Oſcillation, and the 
Motion acquired conſpires with the Motion of 
Gravity, and is accelerated by it, until it comes 
down to the loweſt Part of the Arc to be deſeri 
bed, that is the middle of the Way to be run 
through; the Pendulum goes on by the Motion ö 
acquired, which is deſtroyed by the action of M . 
Gravity, whoſe Direction changes in this Point, | 
whilſt the Body aſcends up the other Part of the - 
n 
t 


Arc to be deſcribed: this Body returns of the 
ſame — 2; 

The Particle p is moved by the Elaſticity, and ( 

this Motion is accelerated by the Action of the n 

_ Elaſticity, until it comes to the Situation of the tl 

* 481 Particle n the Line 1, which Situation is WE it 

ſeen in Line 4, in which the Particle p is in the tt 

middle Point of the Space to be run through by ti 

the Motion backward and forward. By the Mo. nc 

* 483 tion acquired, though Gravity acts againſt i it, ge 

it perſeyeres in its Motion, until by the Action of ti: 

the ſaid Elaſticity the Motion be wholly: deftroy- IM of 

ed, which happens when it has gone through a is 

Space equal to that in which it was generated; al 

then the Particle is in the Poſi tion which is ſeen ¶ be 

in Line 7, which anſwers to the Situation of i 

the Particle h in Line 1. Then by the Elaſticity 

the Particle returns, and is accelerated until it 

has acquired the Situation of the Particle e, in 


* 1 m— 1, *as in nk 0) that is, _ ws j 
in 
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it Line 4, it comes again to the Point that is in the 
th middle of the Way to be run through. The Pa 
all ticle continues in its returnzuntil by the action « 


o- the Elaſticity, whoſe Direction is again changed, 
* the whole Motion is deſtroyed ; and then the * 483 
Particle. returns to its firſt Poſition, as in the 
Line 13, and there, not being agitated by any _ 
new Motion, it remains at reſt. Therefore the 487 
Motion of the Tremulous Body, by which the Air is a- 
gitated, ceafing, there are no new Waves generated, 

and the Number of the Waves is the ſame as the 
Number of the Agitations of that Body. 

It after two Vibrations of a Pendulum, the 
Action of Gravity ſhould ceaſe, as in the Air, 
after the going and returning of a Particle, the 
Action of the Elaſticity on that Particle ceaſcs, 
the Motion of a Particle. of Air would wholly 
agree with the Action of a Pendulum. In the 
middle Point of the Arc, which is to be run 
thro' in the Oſcillation, there is no Action of 
Gravity, and its Direction is changed; in the 
middle Point of the Space to be gone thro by 
the Particle p in its going and coming, in which 
it is in the 4th and roth Line, the Situation of 
this Particle agrees with the Situation of the Par- 
ticles m and e in Line 1, in which Points there is 
no Action of Elaſticity, and its Direction is chan- 
ged.“ In a Pendulum, the more a Body oſcilla- 483 
ting is diſtant from the loweſt Point or middle 
of the Arc to be deſcribed, by ſo much greater 
is the Force of Gravity acting upon it; the more 
alſo the Particle p is diſtant from the Space to 
be run thro*, the more is the Action of the Ela- 
ſtieity upon it; and in the Lines 1, 7, and 13, 
the Particle is moſt diſtant from the Point above- 
mentioned, and its Situation there agrees with 
the Points b, h and p in the Line 1, in which the 5 
Action of the Elaſticity is greateſt of al. 454 

1 | R * ,, 


. * 


Elaſticity increaſes with the increaſed Diſtance of 
the often mention'd middle Point, it is determined 
from the very Law of the Elaſticity of the Air, 

\ . whoſe Particles drive one another away with a 
Force which is inverſely as the Diſtance between 


ſtrated, that the Action of Elaſticity upon ſuch 
a Particle as p is increaſed or diminiſhed in Pro- 
portion to the Diſtance of the middle Point of 
the Space to be run thro': and therefore alſo in 
that Part there 1s an Analogy between the Mo- 
tion of a Particle and the Motion of a Pendulum 

* 156 Oſeillat ing in a Cycloid.* © 7 
If the Breadth of the Wave remaining, the Par- 
ticles run out thro' a greater Space, the Compreſ- 
ſion and Dilatation of the Air in the Wave will be 
greater, and there will be a greater Action of Ela- 
ſticity, and that greater in the ſame Ratio in which 
the Space gone thro' in the going and coming is 
increaſed: and the Motion of a Particle, as p in 
this Caſe, differs ſrom the Motion in the foregoing 
Caſe, as the unequal Ofcillations of different Pen- 
dulums differ; which, as they are performed in 

* 156 equal Times, the ſame will alſo obtain here. 

0 Therefore a Particle, as p, if the Breadth of 
the Wave continues the ſame, goes and comes in 
the ſame Time, thro” whatever Space it be car- 
ried out of its Place ; that is, the Wave will go 
488 its Breadth in the ſame Time; therefore all equal 
Waves, whether the Air be more or leſs agitated, are 

_ SST IR 
489 Now let us examine unequal Faves; let em 
be as A to B, and let the Spaces gone thro” by 
the Particles in the Motion of each of em in 
going and coming be in the ſame Ratio; in that 
Caſe the Compreſſions and Dilatations in corre- 
YET ſpondent 
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According to which Law, fince this Action of 


 * 432 the Centers of the Particles:* and it is demon- 
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ſpondent Places will be equal; the Actions there- 


fore, from. the Elaſticity, don't differ in corre- 


ſpondent Diſtances from the middle Point of the 


Spaces to be run thro by the Particles in their 
going and coming. Therefore thoſe Motions are 
aualogous to the Motions of two Pendulums, whoſe 


Lengths are as A and B, and which run thro” ſimi- 
lar Arcs; for in the. correſpondent Points of 


thoſe Arcs, the Action of Gravity is the ſame. _ 


In Pendulums the Action of Gravity increaſes 
as the increaſed Qantity of Matter, and what- 
cver be this Quantity, the Motion is equally ſwift 
when the Gravity is not changed; on the con- 
trary, the Action of Elaſticity is determined in 


the Motion of Waves, and depend; upon the Di- 


ſtance hetween the Particles and the Velocity 
which is generated from it, the Elaſticity remain- 
ing the ſame, is inverſely as the Quantity of Mat- 


ter to be moved. * In the Haves above-mentioned * 65 
the Quantities of Matter are as the Breadth of the 490 


Waves a and b, and the Velocities generated by 
the . Elaſticity are therefore in correſpondent 
Points as & to a. - Therefore theſe Motions are 


analogous to the Motions of Peudulums deſcribing ſi- 


milar Arcs, and moved with different Forces: of Gra- 


wity, which are to one another as B to A; for in cor- - 
reſpondent Points of ſimilar Arcs, the Celerities 


ariſing from different Gravities are as thoſe Gra- 


vities. 


Nov to compare the Motion of Waves with 
the Motion of Pendulums, we mult conſider Pen- 
dulums diftering in Length, and on which diffe- 


rent Forces of Gravity act, and we haye ſhewn + 489 
what theſe Cauſes produce ſingly in the Dura- 4 
ration of the Vibrations.“ Both theſe are to be* 153 


joined toge 
of the of 


ther, and the Squares of the Times 
cillation of en, whoſe Motions 


* 
* 


165 
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are analogous to the Motion of the above men- 


*450 tioned Waves, are as theLength A and B,“ and 
.\ inverſely'as the Gravities B and A: * Thar is, 
165 again direQly as A and B; the Ratio of which 
Ratios, is a Ratio compounded of the Squares of 

the Quantities A and B. Therefore the Times of 
the Ofcillations are as A and B, and the Times 
are in the ſame Ratio in which the Particles of 
the Waves go and come; that is, the Waves run 
through their Breadths, which are as A to B; 
which Times are therefore as the Spaces gone 
thro by the Waves, and therefore the Motions 

are equally ſwift. If the Space be changed thro' 

_ _ whichthe Particles go: and come, the Velocity 
1488 of the Waves is not changed; *-wherefore the 
Proportion which we have put down for a De- 
monſtration between the Spaces gone thro” by 


the Particles in their going and coming, may be 


neglected, and the Propoſition will be general 
491 true, that Vaves, whether equal or any way unequal, 
move with the ſame Velocity. . 


492 This Rule will hold good, if the State of 


the Air is not changed; but the Elaſticity remai- 
ning the ſame, the Denſity of the Air often waries ; 


and the Elaſticity may be changed, the Denſity 
remaining the ſame ; laſtly, both are often liable 


to be changed. | 


In the firlt Caſe, ſuppoſing both the Waves to 
be equal, andalſo the Spaces thro which the Par- 


ticles go and come, the Celerities ariſing from 


the Elaſticity, which is always the ſame, are in- 


*65,verſely as the Denfities ; * but this Variation of 


- 253Celerity anſwers in the Motions of equal Pendu- 


*450lums, with the Variation of the Gravity,“ in 
which Caſes the Squares of the Celerities of the 


*155 Vibrations are as the Gravities themſelves ; * 
therefore in Waves the Squares oftheir Celerities are 


inverſely as the Denſities. The Suppoſition of the 
Equality of the Waves, and the Spaces gone 
throꝰ by the Particles, does not hinder this De- 
monſtration from being univerſal. 48 

When the Denſity remains the ſame, but the Elaſti- 8 
city is changed, the Celerity ariſing from it, varies 4 
in the ſame Ratio as the Elaſticity ; wherefore 


from the Demonſtration: of the foregoing! Pro- 


poſition in this Caſe, the Squares of the Celerities 
of the Waves are as the Degrees of the Elaſticity. 


Tf the Elaſticity and the Denſity differ, the Squares bs 


of the Velocities of the Waves will be in a Ratio com- 

pounded of the direct Ratio of the Elaſticity, and the *493 

inverſe Ratio of the Denfity. *  ' 42572 
Tf the Denſity and the Elaſticity increaſe or decreaſe 495 

in the ſame Ratio, the inverſe Ratio of the Den- 

fity will deſtroy the dire& Ratio of the Elaſtici- 

ty, and the Celerity of th: Waves will not be changed. 
This laſt Caſe happens in the Compreſſion of 496 


the Air.“ Therefore from the changed Height of the 430 


Pillar of Mercury, which is ſuſtained in a Tube void 


247 


2 


of Air by the Preſſure f the Aimoſpbere, which 42 


ſhews, that the Weight by which the Air is com- 

preſs d near the Earth is changed, we muſt not 497 

judge the Celerity of the Waves to be changed. For 

the ſame Reaſon, the Haves are moved with the 

ſame Celerity in the Top of a Mountain as in a Valley; 

unleſs there be a Change of the Elaſticity it ſelf 

by reaſon of the Cold, which is almoſt always 

more intenſe on the Top of a Mountain than in 

a Valley; and this would occaſion the Waves to 

move flower. * _— 8 On 77.0 
It is plain alſo, that the Waves move faſter in 498 


Summer than in Winter. * *434 


* * "+ 
* 


he Celerity of the Waves, is compared to 49 
the Celerity which a Body acquires in falling, 
ly determining, from the known Height of the 
; 1 n 1 19 R 4 3 . : Mer- 


- 


* * = 
* 
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15 Pendulums.“ 0 
18352 If the Weight by which the Air is compreſſed 
be diminiſh'd, the Air expands it ſelf in the ſame 

* 429 Ratio;* and ſuppoſing the Armoſphere every 
where of the ſame Denſity, its Height does not 
vary; which agrees with what has been ſaid, that 

the Velocity of the Waves is the ſame in diffe- 
496 rent Compreſſions of the Atmoſphere. 
500 The Motion of the Air, which we conſider in 
this Computation, ariſes from Elaſticity alone, 
and the Computation would be exact, if the Par- 
ticles themſelves had not a ſenſible Proportion 
to the Interſtices between them; but if we ſup- 
poſe here that they bear a ſenſible Proportion to 
them, the Motion of the Waves will be ſwifter; 
for it is propagated thro* ſolid Bodies in an in- 
ſtant, which muſt alſo be referted to heteroge- 
neous Corpuſcules ſwimming in the Air. 

501 The Motion of Waves in the Air produces Sound ; 
of which before we ſpeak, we muſt lay down 
ſomething in general relating to Senſation. 

502 So ſtrict is the Union of the Body and the 


f Mind, that ſome Motions in the Body do as it 
7 \. were cohere with certain Ideas in the Mind, and 
= they cannot be ſeparated from each other. From 
| * © the Motion of the Body are new Ideas every Mo- 


ment excited in the Mind, and ſuch are the Ideas 
of all ſenſible Objects; yet we find nothing com- 
mon between the Motion in the Body and the 


5 . Jdea 
of 3 1 LE 
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E: Idea in the Mind. We cannot perceive what 
y Connexion is here, nor that any Connexion is 

g poſſible. There are an "infinite Number of 

e Things hidden from us, of which we have not 


0 ſo much ag n Idee bg fe noni, 

. The undulatory Motion of the Air agitates 50 

y the Tympanum, -or Drum of the Ear, by-which 

n means a Motion is communicated to the Air 
contained in that Organ, which being carried- 


d to the auditory Nerve, excites in the Mind the 

le Idea of Son. 

y The Structure of the Ear, both internal and 

t external, is wonderful; but here we treat of the 

i Motion of the Air; that it is the Vehicle of Sound, 

e is proved by the following Experiment. 

in Experiment 1. Plate XXXIII. Fig. 2 ] Take the 

„ | Leaden Plate O, which has two cylindric Pillars 

r- of the ſame Metal C, C, fixed toir; join a little 

on Bell A to the Braſs Wire B D, and let it be tied 

p- with Strings to the Pillars C, C; lay the Plate O 

0 upon the Braſs Plate of the Air - Pump, putting 

x between alittle Cuſhion of Cotton or\Raw-Silk; 

n ſet a Receiver on over all this Apparatus. Cover 

e the Receiver with a Plate that has the Collar of 
Leathers ſcrewed to it, thro* which the Braſs 

'F Wire D E can {lip up and down';* to the Braſs * 440 £5 


on MM Wire you muſt faſten the Plate ef, ſo that by 
turning the Wire round, the Bell A may be agi- 


he tated. Pump out the Air from the Receiver, 
it WM and ſhaking the Bell in the manner before de- 
nd | ſcribed, you will not hear the Sound, By turn- 
"Mm ing the Wire D E, the Bell will move backward - 
lo- and forward ſeveral times; but we are only to 

24S _ obſerve that Motion in which the Piate ef doth 


m- not touch the Wire 4 4. Letting in the Air, the 
he i Pound will be heard as before, 


1 rom 


* 
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of Sound, and that Sound is moved thro? it 
without the Air's being carried from one Place 


to another, it evidently follows, that in Sound 
there is an undulatory Motion of the Air, and 
that Sound ariſes from the tremulous Motion of 


Bodies. That this obtains in Cords or Strings 
of muſical Inſtruments, no Body doubts, ſince by 
giving them a tremulous Agitation they produce 
a Sound. Ia great Bells, and ſeveral other Bo- 
dies, this tremulous Motion is very ſenſible; but 
it will become viſible by the following Experi- 
ment made upon a ſounding Glaſs Bell. 


Experiment 2.] Let the Glaſs Bell C C be fix'd 


with Plaiſtec or Cement to a wooden Screw, by 
5 mail of which it may be made very faſt to the 


_ tranſverſe Piece of Wood AB; this Wood muſt. 


beſuſtain'd by two wooden Pillars S 8, to which 
it is firmly join'd with Screws and Nuts. There 
is a Pin with a Screw upon it that goes through 
one of the Pillars juſt even with the Mouth of 
the Bell; ſo by ſcrewing it forwards or back- 
wards you may ſer it nearer to, or farther from, 
the Edge of the Bell. It this Diſtance be very 


ſſmall, and the Bell be ſtruck, it will by its tre- 


mulous Motion ſtrike ſeveral times againſt the 
Pin with its Edge. 5 „„ 

Hence we deduce, that a Body that is ftruck 
_ continues to give a Sound ſome time after the Blow; 
the agitated Fibre will continue his Vibration 


* 21 fſome time, on account of the Elaſticity ;* we 


often ſee, as in Experiment 1. that a Body gives 
2 Sound, though the Air agitated by it has no 


Communication with the outward Air; whence 
507 it follows, that by the Agitation of the Air the Fibres 
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of which Bodies confift, are mov d ; which Motion 
is transferr'd into the external air. 

This Tranſlation of the Sound by the tremu- 


lous Motion of the Fibres is very remarkable; 
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” 


and how the Communication of this Motion ex- 


tends it felf, will appear by a ſingle Experi- 
ment. E e e e e 


Experiment differs from the firſt only in this; 


that if, inſtead of tying the Bell to the 


leaden Machine CO C, it be faſten'd to the 


Ends of a Braſs Plate bent in the Figure of a 


double Gnomon, which is made faſt by a Screw 


to the Plate of the Air-Pump, and the Air be 


pump'd out, and the Bell ſhak'd inthe ſame man- 
ner as in the firſt Experiment; you will find but 
very little Difference between the Sound that is 
made when the Air is exhauſted, and when the 
Air is re- admitted. e 

The tremulous Motion of the Parts of the Bell 


is communicated to the Braſs Wire 5d, ſo as to 


move the Strings by which the Bell is ſuſpended, 
and this Motion is transferr d to the bent Braſs 
plate; the Screw, with which this Plate is join'd 
to the Braſs Plate of the Air-· pump, touches the 
Plate, and communicates a tremulous Motion to 


it, by which the Air is agitated, and the Sound 


of the Bell is heard. 

The Celerity of the Sound is the ſame as the Cele- 
rity of the Waves, which ſtrike the Ear; and to 
this muſt be referr'd what has been ſaid of their 
Celerity. * In reſpe& to Numb. 499, it is to be 
obſerv*d, that the Celerity of Sound can no way 
be determin*d by Calculation ; for the propor- 
tion between the Diameters of the Particles and 
in the Interſtices between them, is not known, 

LEN 35 ö * "= "NEILUEE 


* 


* 491 
492, 


493, 


494, 
4855 


496, 


497» 


498, | 


499, 


508 


1 alas * 
== _ * 
A 
4 1 

by 

r n R 

— — a — „„. — > 5 9g at — — — = — 

* — — — = —— — — py — 
- — W hh * — 
— — * — _ - — — o? 


— — — 
—_— — x 2 n — — 


— — . g —᷑aeʃ 


"l 
"a 


252 Mathematical E. 2 


* mn I 
| neither how large a Space the- het 1 


Particles take up in the Al. | 
The Celcrity of. Sound may. be immediatcl 
determin d by an Experiment. 
509 If a Flaſh of: Fire goes off at Night with a 
Noiſe, and a Spectator ſtands. at any known 
Diſtance from the Fire, who with a ſhort Pen- 
dulum meaſures the Time between ſeeing the 
Light, and hearing the Sound, he will have the 
Celerity of the Sound; for the Motion of Light, 
at leaſt through the Space as ſuch an Experiment 
can be made in, is inſtantaneous. - | 

5¹⁰ By ſuch an Experiment made in France it ap- 

dear d, that Sound run 1800 French Feet in a 

econd Minute of Time: but this Celeriry i is not 

453 conſtant. * _ 
511 If at the ſame time in mach the Velocity of 
the Sound is determin'd by this Method, there 

* 422 be made the two Experiments above named, 1 

499 one may by Calculation determine the Motion 
4099 of Sound by the Elaſticity of the Air, and by 
comparing it with the Velocity immediately 
mention d, you will have the Acceleration of 
the Sound, from the Thickneſs of the e 

512 and the heterogeneous Matter. 
* 491 The Celerity of the Sound is equable, * yet in going 
 _ through a greater Space, it is ſometimes accelerated er 
* 493 retarded, from the different Degree of Elaſticity 
in different Places, in which there are difterent 

 * 434 Degrees of Heat or Cold.“ 

513 The Celerity of the Sound does not much differ, whe- 
ther it goes with the Wind, or againſt the Wind. By 
the Wind a certain Quantity of Air is carried 

from one Place to another; the Sound is acce” 
lerated as long as it moves through that Part of 
the Air, if the Direction of the Sound be the 
ſame with the Direction of the Wind; but a8 
Sound moves very ſwift, in a very ſhort Time f 
4; wil 


— py 


by which the Air is compreſſed be chang'd, the 456, 
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Nude h the Air whink'1 is agitated by 
ind, 181 the Acceleration does not laſt 


| 7 which indeed is not very great; for the 


violent Winds, which are ſtrong enough to 
root up Trees, and blow down Houſes, have 


their Celerity to the ey. of the Sound but 
Fl 


about as one to 33 ; by the ſame Argument it is 
prov'd, thatno ſenſible Retardation is occaſion'd 


by the Wind, when the Sound moves . er . | 


hi 


The Space which the Particles run thro 


| as they come and go, may be increas d and a= 
miniſhed by the Wind, therefore the Sound may be 
heard at a greater or ſmaler Diſcance, ee to 


the Direction of the Wind. 
The Intenſity of the Sound depends upon the bf 
Strokes of the Air on the auditory Nerve, and 
theſe Strokes are as the Quantities of Motion 
in the Air. 4 
Whence it follows, that cateris n the In- 515 


tenſity of the Sound is as the Space run through by the | 


Particles in their going and coming. 448, 


All things remaining as before, if the Weight 53> 


63. 
Celerity does not vary, but the Denſity is 429, 


chang'd in the ſame Ratio as the Weight. 229. 


Therefore, cæteris parious, the Intenſity of the 516 
Hund is as the Weight by which the Air is compreſs di 62 
that is, this Intenſity increaſes and decreaſes, as 
the Pillar of Mercury, which is in — 
with the Weight of the Atmoſphere. 


Experiment 4. Plate XXXIII. . Fig. 3, ] Shake 


the Bell A in compreſſed Air exactly in the * 454 


Manner as it was ſnak'd in Vacuo, in Experim. 1. 
and the Sound will be increas'd ; which will a- 
gain be diminiſh'd, if opening the Bell you let 
the Air return to irs firſt State. As 
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As the Intenſity of the Sound in compreſs'd 
Air included in a. Veſſel is greater, ſo the Fi- 
bres, ot which the Glaſs VV is made, are agi- 
| tated, and a greater Agitation is communicated 
FCC V Er nn ey is 
317 Tall Things remain as before, but the Elaſticity be 
increas d, the Denſity is diminiſhed in the {ame 
430 Ratio as the Elaſticity is increas d, but the 
Celerity increaſes as the Square Root of the Ela- 
493 ſticityꝰ ; therefore the Iutenſity of the Sound is di- 
rectly as the Square Root of the Elaſticity, and in- 
* 64 verſely as the Elaſticity it ſelf ; but the Ratio com- 
pounded of theſe is the inverſe Ratio of the 
5j above-mention'd Square Root of the Elaſticity. 
= The Intenſity of the Sound is diminiſhed there- 
Ii) fore, as its Velocity is increas d; and in Summer, 
ES ceteris paribus, the Intenſity of Sound is leſs than in 
Winter ; yet in Summer, Bodies do more eafily tranſ- 
mit Sound: becaule their Parts cohere leſs ſtrictly, 
.. as will be explaind at a proper time, and they 

do more eaſily acquire a tremulous Motion. 


Experiment 5. Plate X XXIII. Eg. 5.] Hang up 

the Bell A in a Glaſs, and opening the Cock 

that the Air in the Glaſs may have / Communica- 

tion with the external Air, let the Glaſs be 
ſhaked, and the Diſtance be determined when | 

the Sound can be heard ; warm the Glaſs and 

repeat the Experiment, and the Sound will be 
heard at a greater Diſtance. - "1 | 
520 The Intenſity of Sound, confider'din general, is in a | 
compound Ratio of the Space run through by the Par- | 
* 515 ticles, in their going backward and forward, of the 
2115 Height compreſſing the Air; aud laſily, of the in- 

4515 Verſe Ratio of the Square Root of the Elaſticity. * 

521. There is alſo a Difference in Sound from the ; 
Number of the Vibrations of the Fibres e | 


Body which Ka the Sond, e is, of the 
8 Number of the Waves produced in a certain 
4 Time, according to the diſſerent Number of the  - 


whether it vibrates thro* a greater or a leſs Space. *257 
Concords ariſe fron the Agreement between the dif- 52 5 
ferent Motions of the Air, which affect the Auditor * 
Nerves at the ſame Time. 

If two tremulous Bodies perform cheir Vibra- 26. 
tions in the ſame time, there will be no Difference 
between their Tones, and this Agreement which 
is the moſt perfect of all, is call d Upiſon. 

If the Vibrations are as 1 to 2, this Conſonance 527 
or Agreement, is call'd Ofiave, or Diapaſon. |” 

Suppoſing the Vibrations as 2 to 3, that is, 528 
if the ſecond Vibration of one Body always a: 
grees with the third of another, ſuch a Conſo- 
nance is call'd a Fifth, or Diapente. + 

Vibrations, which are as 3 to 4, give a Cant 529 
ſonance which is call'd a Fourth, or Diateſſaron. 

Ditonus, is when the Returns of the Air are 530 
as 4 to 5. 

ko Seſq widitonus is 2 Genes FIRE 25 31 
Concourſe 95 the fifth Vibration of one Body 


— 


] Percuffions in the Ear, the Mind receiving we i 
| different Senſation. 522 | 
A Muſical Tone depends 1 upon old . li 
e of Vibrations, which is ſaid to be the more : | 
c acute, according as the Returns in the Air are | | 
- more frequent; and more grave, the leſs the 
- Number of the Waves is; and the Degrees of the 1 
j- | Sharpneſs of the Different Sounds are to one another as l 
* the Number of the Waves which are Produced * 8 
e Air at the ſame Tim. $23 . | 
. A Tone does not depend upon the Intenfity of as bs. j 
- Sound, and an agitated Cord gives tbe ſame Sound, | | 
| 


he with the ſixth of another. 
5 A Conſonance from the Agitation of Cords, 
ay | 


I i d an 


3532 Cxteris paribus, if the: Lengths of rwo,Cords are 


as the Number of Returns in a Conſonance, you will 
have the Conſonance POR. the Sounds which the 


"339 Sring produce. * 


4 33 The ſame obtains, if; exteris s paribus, the Dia- 


#260 meters haue the aforeſaid Proportion, * 
534 And allo, #f, czteris paribus, the Proportion o 


the Vibration. in a Conſonauce be given berween the 


*258 Square Roots of the Tenfions. * 
335 And generally, ſuppoſing #4 Cord of the * kind, 


if the Ratio be compounded of the direct Ratio of the 


- Lengths and of the Diameters, and the inverſe Ratio 
| of the Square Root of the Tenfions, be the Ratio be- 


" tween the Numbers of the Vibrations perform d in the 


* Time in any Conſonance whatever, you will have 
aon Conſonance by the Agitation of thoſe Cords. 

All theſe have been experimentally try d by 

- Muſicians, they have obſerv'd:a very remarka- 
bie Phænomenon relating to theſe Cords, whoſe 


different Caſes very well deſervẽ to be e ä 


= 

| $3 6 Let any Muſical Sigg. be 7 ie as to per- 
form their Vibration in equal Times; if you: give Me 
tion to the one, the other will alſo move. Every Wave 


of the Air ariſing from the tremulous Motion of 


the firſt String, ſtrikes: the ſecond String, and 
gives it a little Motion; the String from the 
leaſt Motion goes backward and forward ſeveral 
*257 times, and is mov'd by the Stroke of the fitſt 
Wave, whilſt the ſecond Wave comes forward, 
whole Motion conſpires with the Motion of the 
7257 String., and accelerates it. What is ſaid of 
the ſecond Wave muſt alſo be referr'd to the 
Ones Wars N Pn * IE will _— an 
W 2 1 0 97 cce- 


+ 1 II. ® 


if they be of the ſame Kind, is eaſily determin'd 
by knowing their Dimenſions and "Tenſion. 


an agitated String will communicate Motion to ano- 


* 


be alf Tk ei 7 
From the ſame Demonftration it follows, that 
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Acceleration, till the Motion of both Strings | 


37 


ther, which performs two or three Vibrations, whilſt 


the firſt performs but one. 


| Now if the agitated String performs ſeveral 


Vibrations, whilſt the String that is to be mov'd 


by the Air can perform but one, from the forego- 


ing Demonſtration it would follow, that it muſt 


ver which, it is to be obſerved, that the Duration 


of the Vibration and the Length of the String 


are reciprocal, ſo that every thing elſe continuing 


communicate a particular Motion to it. To diſco- 


as before, the determin'd Length can no way be 


ſeparated from the unchang d Duration of the 
Vibration. If therefore any String be ſtruck with 


ſeveral Strokes, by which Motion is communi» 


cated to it, and the Strokes are more frequent 


String, that Part of it, whoſe Length agrees 


than what is agreeable to the Length of the 


with the Time of the communicated Vibration, 


will be agitated as much, and there will be as it 


were an undulatory Motion communicated to 


the String; the Length of the Waves in the 
String will depend upon the Duration of the com- 
municated Vibration, that is, upon the Time 
berween “e {fu 
| Take two Strings in ſuch Proportion that one may 


* 


vibrate twice whilſt the other vibrates but once, and 
let the firſt String be put in Motion, the Dura- 


tion of the Vibrations, which are communicated 
to the laſt String. with the Motion of the Air, 


agrees with a String of half its Length, and“ 


ſuch is the Length of the Waves in it: There» 


reſt. 


* 


258 


tore by the communicated Motion the Swing is divided 
into two equal Parts, 7 the middle Point is at 


* * 
= ee e Ws e ee e ee Mine 
ASS * 
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you lay a Piece of Paper upon the String to 


which the Motion is communicated ; for it will 


remain at reſt, if you lay it upon the middle of 
the String, but any other Part of it will be af 


fected with a tremulous Motion. 


539 FT the String which is put into Motion, in wide to 


cauſe Motion in another, performs three Vibrations, 


whilſt the String to be mov d performs but one, the laſt 
will be divided into three Parts by the communicated 


Motion, and there will be two Points of Reft, which 
may be confirm'd by the ſame Experiment above- 


mentionid. All other Caſes that have commu- 


nicated Motion, which: are obſerv'd. by Muſi - 


cians, are eaſily deduced from what has been 


5 75 5 
540 What has been ſaid of the Reflection and In- 
405 flection of the Waves in Water * may be referr'd 
_ to their Reflection in Air, the Elaſticity in this 
410 Cauſe producing the ſame Effect as the Preſſure 
ol the rais'd Water in that. | 


541 From the Reflection of the Sound there often ariſe 
a Repetition of it, which is call'd an Eccho. If dif- 


 _ ferent Parts of the ſame Waye, expanding itſelf 
F 477 into aSphere, * ſtrike upon different Surfaces, 
ſo that being reflected they concur together, the 


Motion of the Air will be ſtronger there, and 


the Sound will be heard. The ſame Sound is often 
repeated different times from the different Parts of 
the ſame Wave reflected to different Diſtances, 


and ſome of which alſo ſucceſſively concur at_ 


$42 the ſame Place. Such a Repetition ſomerimes 
happens from the Reflection being repeated. 

541 The Sound it often intreas'd ly Reflection iu a Tube: 

The moſt perfect Figure of all that can be given 

to ſuch a Tube is that of a Parabola, revolving 
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c 3 0 "tr if any « one ſpeaks i in bh Tube, 
ſetting his Mouth in the Axis of the Machine. 
and in the Focus of the Parabola, the Waves 
will be ſo reflected, that every one of theit Parts 
will acquire a Motion parallel to the Axis of 
the Machine, whereby the Force of the Wave 
and alſo of the Sound will be very much in- | 
| creaſed. There muſt be a Mouth-Picce ro fit + 
the Lips fixed to the ad. of the 1 * Z 
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eA Catalogue of BOOKS prin. 
ted for J. Senex, at the Globe 

in Salisbury-Court, and W. Tay. 

lor, at the Ship and Black Swan 


+ 


in Pater-Noſter-Row, 


New General Atlas ; or an Hiſtorical and 


Geographical Account of all the Empires, 
Kingdoms, States and other Dominions in the 


World, containing all that is uſeful in the beſt 


and moſt approved Authors and Travellers ; 


with correct Maps accommodated to the De- 


ſcriptions. Folio. 


The Religious Philoſopher : Or, the Right 
Uſe of Contemplating the Works of the Crea - 


tor. I. In the wonderful Structure of Ani- 


mal Bodies, and in particular Man. II. In the 


no leſs wonderful and wiſe Formation of the 
Elements, and their various Effects upon Animal 
and Vegetable Bodies. And III. In the moſt 
amazing Structure of the Heavens, with all its 


Furniture. Deſigned for the Conviction of a- 
theiſts and Infidels. Throughout which, all the 
late Diſcoveries in Anatomy, Philoſophy, and 


Aſtronomy, together with the various Experi- 


ments made uſe of to illuſtrate the ſame, are moſt 
copiouſly handled by that learned Mathematici- 


an, Dr. Nieuwentyt, Tranſlated from the Origi- 
nal, by John Chamberlayne, Eſq; F. R. 8. To 
which is prefix d, A Letter to the Tranſlator, by 


the Reverend J. 7. Deſaguliers, LL. D. F. R. S. 


adorned with Cuts. In three Volumes, Octavo. 


A Treatiſe of the Motion of Water and other 
Fluids; with the Origin of Fountains or Springs, 
and the Cauſe of Winds. In which Treatiſe, 


the Manner of Levelling or Conducting Rivers. 
„ ; Bn 1 
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in Order to make them navigable j the making — 


of Aqueducts for the Supply of Gentlemens 
Seats; the whole Art of contriving and making 
ſetts of Water for Fountains; and the Manner 
how to proportion the Strength of Pipes for. 
conveying Water from any Height, are plain- 
ly demonſtrated from the Laws of Hhdroſtaticks, 
by above a Hundred. curious Experiments. Writ- 
ten originally in French, by the Learned M Mar- 
riotte, Member of the Royal Academy at Paris; 
and tranſlated into Engliſh, with ſeveral Anno- 
_ tations for explaining the doubtful Places: By 
J. T. Deſaguliers, M. A. F. R. S. Chaplain to 
his Grace the Duke of Chandoi g.. 

 Phyfico-Mechanical Experiments on various Sub- 
jects. Containing an Account of ſeveral ſur- 
priſing Phanomena touching Light and Electri- 
city, producible on the Attrition of Bodies. 
With many other remarkable Appearances, not 
before obſerved. Together with the Explana- 
tion of all the Machines, (the Figures of which 
are curiouſly engraved on Copper) and other 
Apparatus uſed in making the Experiments. Ta 
which is added a Supplement containing ſeveral 
New Experiments not in the former Edition. 
The Second Edition, By F Hauksby,\F. R. S. 
The Elements of Euclid, with ſelect Theoreme 

out of Archimedes, by the learned Jeſuit Andrew 
Tacquet. To which are added, Practical Corol- 
laries, ſhewing the Uſes of many of the Propoſi- 
tions. The whole abridged, and in this third E- 
dition publiſhed” in Eugliſb 8v0, - Price 45. 6d. 

An Introduction to Natural Philoſophy ; or 
Philoſophical Le&ures read in the Univerſity of 
Oxford, An. Dom, 1700. To which are added 
the Demonſtrations of Hungen s Theorems con- 
cerning the Centrefugal Force and Circular No 
tion by Jo i Szvitiar Profeſſor of Aſtro- 
nomy- at r 


the laſt E 


_ 
Rf 


©. Sir Iſaac! Newton's Mathematical Philoſophy 


_ Tranſlated from the Orginal #alian, and adorn- 
eld with a great Number of Cuts: To which is 


Air, March6, 1615-16, at Night. Containing, 


thor's own Obſervations. II. Some Hiſtorical 


as the Author has receiv'd. III. The Principal 


ſervations from the Premiſes. Second Edition, 
3 o. Price 15. „ 8 
to, deſcribed from Dr. Halley's accurate Table 


veries. Price 2.5, 6 d. * 


7 
4 4 


more eaſily demonſtrated, and Dr. Hals Ac- 


count of Comets illuſtrated. Being forty Lectures 
read in the Publick Schools at Cambridge; pub- 
-  Liſhed for the Uſe of young Students there, and 
now done into Engliſh. With Corrections and 
Improvements by the Author, 8 vo. Price 63. 


A Treatiſe of Painting, by Leonardo da Uinci, 


prefix d, the Author's Life, done from the laſt 
Edition of the French duo. i 1 


New Map of the Zodiac; wherein all the 
Stars to which the Moon's Appulſe can any where 


be obſerved with a Teleſcope, are laid down from 


the Hritannick Catalogue: To which is added an 


Explanation of its Uſes, both in Aſtronomy, 


and for determining the Longitude at Sea. By 


Savilian Profeſſor of Geometry at Oxford and 


F. R. S. 


An Account of a ſurpriſing Meteor ſeen in the 


I. A Deſcription of the Meteor, from the Au- 


Accounts of the like Meteors before: With Ex- 
tracts, from ſuch Letters and Accounts of this, 


Phznomena of this Meteor. IV. Conjectures 
for their Solution. V. Reaſons why our Solu- 
tions are fo imperfe&, VI. Inferences and Ob- 


A Scheme of the Solar Syſtem, with the Or- 
bits of the Planets and Comets belonging there- 


of Comets, Philoſoph. Tranſactions No. 29). 
ertful Diſco: 
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A Calculation of the great Eclipſe of the Sun» 19 
April 22d, 1715, from Mr. Flamſtead s Tables = 
with the Conſtructions thereof, for London, Rome, 
and , "Erice 6 &. ii # 

A compleat Account of the Great Eclipſe of 
the Sun, April 22d, 1715, Containing, x. Di- 
rections for the Obſervation of that Eclipſe. 
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> WH 2, The Principal Things to be obſerved at that 
2 Time. 3. A Czleſtial Map of the Planets and © 
<< Fix'd Stars then near the Sun and Moon; and 
t of the Sun's Milky Way, which might then be - 

| viſible. 4. An exa& Calculation of that Eclipſe, 

i from Sir Iſaac Newton's laſt Improyements to his 

E Theory of the Moon. Price 1s. 5 
Theſe three laſt by Mr. }/hifton. 

7 The Paſſage of the Shadow of the Moon over 

y England, in the Total Eclipſe of the Sun, April 

L 22. 1715. fd! 5 5 15 

d A Deſcription of the Paſſage of the Shadow 


of the Moon over England, as it was obſerved 

in the late Total Eclipſe of the Sun, April 22d, 

1715, With the Tranſit of the Shade as it 

will paſs over Eng/and, in the next great Ecliple * 

ol the Sun. that will happen Anno 77 N Price 6 d. 
Theſe two laſt by Dr. Hallhy. 5 

Sacred Geography in ſix Maps. 

1. Shewing the Situation of Paradice, and the 
Country inhabited by the Patrjarchs. 2. The 
Peopling of the World by the Sons of Noab, and 
the Iſraelites Journeying in the Wilderneſs. 3. 
f, A Plan of the City of Jeruſalem, with a View 
of Solomon s Temple, and all the ſacred Utenſils 


r therein. 4. The Holy Land divided into the 

e- Twelve Tribes of Mael, in which are exactly 

le traced our Saviour's Travels. 5. The Land of , 
7. Canaan, 6. The Travels of St. Paul, and the 4 


Q* reſt of the Apoſtles, the whole curiouſly engra- a 
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ing the Holy Bible; all theſe Six Maps made 
up in a Book.” Price 6. 
* Univerſal Arithmetick: or, a Treatiſe of A- 
rithmetical Compoſition and Reſolution. To 
which is added, Dr. Halley's Method of find- 
ing the Roots of Equations Aritmetically. 
Tranſlated from the Latin of Sir Jſaac Newton, by 
the late Mr. Raphſon, and reviſed and corrected 


- A . 


by Mr. Cunn. 


. _._. Geodafia; or the Art of Surveying and mea- 
ſuring of Land made eaſie. Shewing, by plain 
and practical Rules, how to ſurvey, protract, 
caſt up, reduce or divide any Piece of Land 
whatſoever ; with new Tables for the eaſe of 
the Surveyor in-reducing the Meaſures of Land. 
Moreover, a more facile and ſure Way of:Sur- 
veying by the Chain, than has hitherto been 
taught. As alſo, how to lay out New Lands 
in America or elſewhere » and how to make a 
perfect Map of a River's Mouth or Harbour; 
with ſeveral other Things never yet. publiſhed: 
in our Language. By John Love. The third 
Edition wii Nad ss. 
The London Accomptant: or Arithmetick in all 
its Parts, viz, In whole Numbers and Fractions 
Vulgar and Decimal, with the Extraction of the 
Square and Cube Root; not only taught, but 
the Reaſons of the Operations demonſtrated, 
and made intelligible to all Capacities. : 
Trigonometry improv'd, and Projection of the 
Sphere made eaſy : the Projection of the Sphere 
Orthographick and Stereographick; as alſo Tri- 
gonometry plain and ſpherical; with plain and 
intelligibleReaſons for the various and moſt uſeful 
Methods, both in Projection and Calculation; 
with the Application of the whole to Aſtrono- 
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my, Dialling and Geography. The two laſt by 
Mr. Henr) Wilſoa. Brapays 1 * 


